/ 

\ 



Case 1:10-cv-00035-CKK Document 1 Filed 01/08/10 Page 1 of 7 



IN THE UNITED STATES DISTRICT COURT 
FOR THE DISTRICT OF COLUMBIA 



CELLDEX RESEARCH CORPORATION 
222 Cameron Drive, Suite 400 
Phillipsburg, NJ 08865 

Plaintiff. 



v. 



HON. DAVID KAPPOS, 

Under Secretary of Commerce for 
Intellectual Property and Director of the 
United States Patent and Trademark Office 
Office of General Counsel 
United States Patent and Trademark Office 
Madison Building East, Rm. 10B20 
600 Dulany Street 
Alexandria, VA 22314 

Defendant. 



Civil Action No. 



COMPLAINT 

Plaintiff Celldex Research Corporation ("Celldex"), for its complaint against the 



Honorable David Kappjos, states as follows: 

NATURE OF THE ACTION 



f" 



1 . This is an action by the assignee, Celldex, of United States Patent No. 
7,563,876 (hereinafter "the ; 876 patent") seeking judgment, pursuant to 35 U.S.C. 

§ 154(b)(4)(A), that the patent term adjustment for the '87.6 patent be changed from 613 
days to It 70 days. 

2. This action arises under 35 U.S.C. § 154 and the Administrative Procedure 



Act, 5 U.S.C. §§ 701-706. 
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THE PARTIES 

3. Plaintiff Celldex (formerly named Celldex Therapeutics, Inc.) is a 
corporation organized under the laws of Delaware, having a place of business at 222 
Cameron Drive, Suite 400, Phillipsburg, MJ 08865. 

4. Defendant David Kappos is the Under Secretary of Commerce for 
Intellectual Property and Director of the United States Patent and Trademark Office 
(hereinafter "PTO' ? ) ? acting in his official capacity. The Director is the head of the PTO 
and is responsible for superintending the performance of all duties required by law with 
respect to the granting and issuing of patents, and is designated by statute as the official 
responsible for determining the period of patent term adjustments under 35 U.S.C. § 154. 

JURISDICTION AND VENUE 

5. This Court has j urisdiction to hear this action and is authorized to issue the 
relief sought pursuant to 28 U.S.C. §§ 1331, 1338(a) and 136K 35 U.S.C. § 154(b)(4)(A) 
and 5 U.S.C. §§ 7j0 1-706. 

6. Venue is proper in this district court by virtue of 35 U.S.C. 
§ 154(b)(4)(A). 

7. This Complaint is being timely filed in accordance with 35 U.S.C. 
§ 154(b)(4)(A). 

BACKGROUND 

8. Yashwant M. Deo, Tibor Keler and John Treml are inventors of patent 
application number 09/851,614 (hereinafter 4fc the '614 application") which issued as the 
'876 patent, entitled Human Monoclonal Antibodies To Dendritic Cells, on July 21, 
2009. The 4 876 patent is attached hereto as Exhibit A. 
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9. Celldex is the assignee of the '876 patent, as evidenced by the records in 
the PTQ, and is the real party in interest in this case. 

10. Section 154 of 35 U.S.C. requires that the Director of the PTO grant a 
patent term adjustment in accordance with the provisions of section 1 54(b), which set 
forth a "Guarantee of prompt Patent and Trademark Office responses" and a "Guarantee 
of no more than 3-year application pendency." 

11. In calculating the patent term adjustment, the Director has to take into 
account PTO delays under 35 U.S.C. §§ 1 54(b)(1)(A) and (B) ? any overlapping periods in 
the PTO delays under 35 U.S.C. § 154(b)(2)(A), any disclaimer of patent term by the 
applicant under 35 U.S.C. § 154(b)(2)(B), and any applicant delays under 35 U.S.C. 

§ 154(b)(2)(C). 

12. On April 17, 2008, the PTO issued a Notice of Allowance and 
Determination of Patent Term Adjustment Under 35 U.S.C. § 154(b) indicating that the 
'876 patent would be entitled to 437 days of patent term adjustment. 

13. On June 26, 2008, Celldex timely filed a Request for Review of Patent 
Term Adjustment ("Request for Review , ">. In the Request for Review, Celldex indicated 
that the PTO "may have miscalculated the patent term adjustment" and extended the term 
of the patent "by too many days." 1 

14. On June 1 5, 2009, the PTO issued a Letter Regarding PTA ( ct Letter r 0 
acknowledging that there were several errors in the PTO's original patent term 
adjustment calculation and stating that the "correct Patent Term Adjustment ("PTA") at 
the time of the allowance is 345 days." 

1 Plaintiffs Request for Review was filed prior to September 2008 and, as such, was not based upon the 
reasoning set forth in Wyeth v. Diufas, 580 F. Supp. 2d 138 (D.D.C. 2008). 

„3« 
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1 5. On July 21 , 2009, the ; 876 patent issued with a patent term adjustment of 
61 3 days listed on the face of the patent (See Ex. A at 1 ). 

16. On August 28, 2009, Celldex timely filed a Request for Reconsideration 
of Patent Term Adjustment under 37 C.F.R. §§ 1 .705(b) and (d) (hereinafter ."the Request 
for Reconsideration") for the '876 patent, requesting that it be granted a corrected final 
patent term adjustment of 1 170 days based upon Celldex's calculation of delay under 35 
U.S.C.. §§ 1 •54(b)( 1)(A) and (B). The Request for Reconsideration has not been granted 
and is still pending before the PTO. 

1 7. Under 35 U.S.C. § 1 54(b)(4)(A), "[a]n applicant dissatisfied with a 

determination made b| the Director under paragraph (3) shall have remedy by a civil 

I i 

action against the Directorifiled in the United States District Court for the District of 

| ! 

Columbia within 180ilays after the grant of the patent. Chapter 7 of title 5 shall apply to 
such action. 55 

18. This action against the Director is timely filed within the 1 80 day period 
after grant of the patent, under 3 5 U.S.C. § 1.54(b)(4)(A). 

CLAIM FOR RELIEF 

1 9. The allegations of paragraphs 1 -15 are incorporated in this claim for relief 
as if fully set forth. 

20. The patent term adjustment for the s 876 patent, as determined by the 
Director under 35 U.S.C. § 1 54(B) and listed on the face of the '876 patent, is 613 days 
(See Ex. A at 1). 

21. The Director's determination of the 613-day patent term adjustment is in 
error because the PTO did not properly calculate and allow an adjustment for the delay in 
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issuance of the '876 patent beyond three years after the actual filing date of the 
application for the patent. The correct patent term adjustment for the '876 patent is at 
least 11 70 days. * 

22. The '6| 4 application was filed on May 8, 2001, and the '876 patent was 
issued on July 21, 20'69. f 

-if 

23. Gelldp is entitled to an adjustment of the term of the ' 876 patent under 35 
U;S .C. § 154(b)( l)(A| in the amount of 1005 days, which is the number of days 
attributable to PTQ examination delay during prosecution of the '614 application (the "A 
DelayO- Specifically, 737 days of the A Delay accrued as a result of the failure of PTO 
to mail an action under 3 5 U.S.C. § 132 within 14 months of the actual filing date. 
Additionally, 268 days of the A Delay accrued as a result of the failure of PTO to issue a 
patent not later than four months after the date on which the issue fee was paid. The total 
sum of the A Delay is 1005 days .(i.e., 737 + 268 = 1005). 

24. Celldex is also entitled to an additional adjustment of the term of the : 876 
patent under 35 U.S.C. § 154(b)(1)(B) in the amount of 624 days, which is the number of 
days by which the issuance of the '876 patent was delayed beyond three years from the 
actual filing date of the '614 application (the "B Delay"). The 624-day B Delay excludes 
the period beginning on the date that Celldex filed a Request for Continued Examination 
(January 23, 2006) and ending on the date the patent issued (July 21, 2009), i.e., 1276 
days. 

25. Section 35 U.S.C. § 154(b)(2)(A) states that "[t]o the extent that periods of 
delay attributable to grounds specified in paragraph [154(b)(1)] overlap, the period of any 
adjustment granted under this subsection shall not exceed the actual number of days the 



-.5.. 
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f 

issuance of the patent was delayed/' For the ' 876 patent, 67 days of the A Delay 
overlapped with the period of the B Delay. 

26. The total period of PTO delay was 1562 days, which is the sum of the A 
Delay (1005 days) and the B Delay (624 days), as shown in the chart attached hereto as 
Exhibit B, less the period of overlap between the A Delay and the B Delay (67 days). 

27. The - 876 patent is not subject to a disclaimer of term. Therefore, the 
period of patent term adjustment is not limited under 35 U.S.C. § 154(b)(2)(B). , 

28. The total period of PTO delay is reduced under 35 U.S.C. § 1 54(b)(2)(C) 
by the period of applicant delay, which the Director calculated for the '876 patent as 392 
days. 

29. Accordingly, the correct patent term adjustment to which the plaintiff is 
entitled under 35 U.S.C. § 154(b)(1) and (2) is 1 170 days, which is the total period of 
PTO delay (737 days + 624 days + 268 . days - 67 days = 1562 days), less the period 
attributable to applicant delay (1562 days - 392 days = 1 170 days). 

30. The Director erred in the determination of patent term adjustment for the 
-876 patent by erroneously treating the entire period of the B Delay as overlapping with 
the A Delay, and crediting only the greater of the two delays, instead of correctly 
crediting the sum of both the A and B delays. Thus, the Director incorrectly calculated a 
patent term adjustment for the '876 patent as 613 days (1005 days - 392 days = 613 
days). By this erroneous calculation, the Director has deprived the plaintiff of the full 
patent term adjustment to which it is entitled (calculated above as 1 170 days). 

31. In its opinion in Wyeth v Dudas, 580 F.'Supp. 2d 138 (D.D.C, 2008), this- 
Court explained the proper construction and application of the .provisions of 35, U.S.C. 
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§ 1 54(b) for determining patent term adjustment. In accordance with this Court's 
decision in Wyeth, the patent term adjustment for the "876 patent is properly determined 
to be 1 1 70 days, as set forth above. 

32. The Director's allowance of only 613 days of patent term adjustment for 
the c 876 patent is arbitrary, capricious, an abuse of discretion, and otherwise not in 
accordance with law arid in excess of statutory jurisdiction, authority or limitation. 

WHEREFORE, Plaintiff respectfully prays that this Court: 

A. Issue an Order changing the period of patent term adjustment for the 4 8 76 
patent term from 613 days to 1 170 days, and requiring the Director to alter the term of the 
'876 patent to reflect the J_170 day patent terrii adjustment. 

B. Grant such other and further relief as the nature of the case may admit or 
require and as may be just and equitable. 



Of Counsel 

William A. Scofield ? *Jr. 
LA HIVE & COCKMELD LLP 
One Post Office Square 
Boston, MA 02109 
Phone: (617)994-0755 
Facsimile: (617)742-4214 



Respectfully Submitted, 




Deborah M. Sheltori (D C. Bar No; 464487) 
Christopher M Loveland (D.C. Bar No. 473969) 
SHEPPARD MULLIN RICHTER& HAMPTON 

■LLP 

1300 I Street, NW, 11th Floor East 
Washington, DC 20005 
Phone: (202)218-0000 
Facsimile: (202) 218-0020 



Dated: January 8, 2010 



Counsel for Celldex Research Corporation 



„7._ 
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United States Patent 

Deo et al. 



do) Patent No.: US 7,563,876 B2 
(45) Date of Patent: Jul 21, 2009 
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DKNOKITICCEIXS 

( 7 5) I n venters : Ya s h wa nt M ♦ l>e« . Hast Brunswick . N J 
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Phiiiipslntrg. NJ(US) 
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ABSTRACT 



Isolated htim:m nionoclonnl nntihodies and untmetH-binding 
portions thereof which specifically bind u> dendritic cells are 
disclosed. Also disclosed are bispecifics. immunoioxins iind 
antigen conjugtitcs which include ihc antibodies or tintihody 
portions. 'Hie human antirxxlies cm be produced in a no tr- 
im inan transgenic animal. e.g. . a transgenic mouse, capable of 
pn'fducing multiple i^otypes of human monoclonal antibodies 
by undergoing V-U-J rccornbi nation and isolype switching. 
Also disclosed are pliarmaceutical compositions comprising 
the human antibodies, non- human transgenic animals and 
hybridomas which pnxtuce iIk human antibodies, and thera- 
peutic and diagnostic methods for using the human antibod- 
ies. 
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811 HuMAb SEQUENCE DATA: 

Bll VL DMA; (SEQ XD HO;l) 

G&CATCCAGATGACCCAG^ 

GAGTCACCATCACTTGTCGGGCGAGT^ 

GGGTATTA(XXAGGTGGTTA<X^^ 

AAGTCCCTGATCXATGCTGC^TCCAGTT 

TGCAAAGTGGGGTCCCATC^A^ 

CACTCTCACC^TCAGCGGCCTOCA^ 

GAAGATTTTGCAACTTA^ 

CGGCCAAGGGACCAAGGTGGAAATCAA 



Bll VL PROTEIN z (SEQ ID HO ;2) 

DIQHTQS P S SL S ASVGDHVT XTCRASQGI SRWLAWYQQKPEKAPKSLIYAASSLQ 

SGVPSRFSGSGSGTDFTLTISGLQP 

EDFAT YYCOQ YHS YPRTFGQGTKVE X K 

Bll VH DNA:(3EQ ID HO: 3} 

GAGGTGGAGCTGGTGCAGTC TGGMKTAGAGGTGAAAAAGCCCGGGGAGTCT 

CTGAGGATCTCCTGTAAGGGTTCTGGAGA 

CAGTTTTACCACCTACTGGATCGGCTG^ 

CTGGAGTGGATGGGGATCATCTATCCTG 

GTCACTCTGATACCATATACAjGCCCGTCCTTCC/^ 

GCCGACAAGTCCATCAGCACCGCCTAC 

CTGC^GTGGAGCAGCCTGAAGGCCTC^ 

GAGGGGACCGGGGCCTTGACTACTGGGG 

CGAGGGAACCCTGGTCACCGTCTCCTCA 

Bll VH PROTEIN :(SBQ ID NO: 4) 
EVQLVQSGJ^VKKPGESJ^ISCKGS 
DSDTI YSPSFQGQVTIS ADKS I STAY 
LQWSSLiCASDTAMYYCTRGDRGVDYWGQGTLVTVSS 
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human monoclonal antibodies to 
dkndmtk: cklls 

Ki:I.,ATLtD APPLICATIONS 

5 

This application claims priority to U.S. Provisional Appli- 
cation No. 60/230.739 Hied on Sep. 1, 2000. and U.S. Provi- 
sional Application No. 60/203,126. Tiled on .May 8. 2000 the 
entire contents both of which are hereby incorporated by 
reference herein. to 

BACKGROUND OF THE INVENTION 

Dendritic cells are specialized cells of the immune system 
with the iinkpic capacity for initiating primary and scconda ry \ $ 
Tand B lymphocyte responses. Characterized as professional 
antigen presenting cells (APCs), dendritic colls express MHC 
and cost imu la lory molecules essential in priming naive T 
lymphocytes. This unique property of dendritic ceils, also 
te r m ed * * nam re ' s ndj u va n f \ h a s 1 ed to a grea I i mere s i i n the i r 20 
possible role of autoimmune diseases as well as their poten- 
tial for exploitat ion in immunotherapy of various diseases. 

Recent advances in cul luring of dendritic celts has greatly 
increased our understanding of this complex type of cells. 
There are several type of dendritic cells that are d is! inguished 2 s 
by their lineage, location in tissues, phenotype. and function. 
The dendritic cells type that most prominently associates with 
T lymphocytes for the initiation of immune responses is of 
bone marrow origin. Bone ma rrow -derived dendritic eel Is can 
be fu rt her segrega ted into 1 ) t by mic dendril ie eel 1 s. w h ich are 30 
of lymphoid origin and appear to be involved specifically in 
deletion of maturing T lymphocytes. 2) Langerhans cells, 
which a re of myeloid lineage and have specialized APC func- 
tion in the skin, and 3 ) myeloid lineage-derived dendritic cells 
found particularly in the blood, spleen and lymph nodes. 35 

The hallmarks of myeloid lineage-derived dendritic cells 
(including Langerhans cells) are the following: 1) capacity 
for antigen uptake, and processing for presentation, 2) capac- 
i 1 y for se lee t i ve m i g ra i i on i n I i ss 11 es , a 1 id 3 ) c a p a ci ty \\ >r d i rec t 
s t im 1 1 1 a t ion of 'fly mphocy tes (both na t ve and pr i med ). 40 

Despite the recent advances in characterization of dendritic 
cells, very little is known regarding dendritic cell spec i He 
receptors or molecules. There are numerous dendritic cell- 
associated molecules that are shared with other myeloid and 
no n- in ye 1 oid e el Is . h o we ve r. ve ry I i n 1 i ted reage n t s a re a va i I - 45 
able which are specific ro dendritic cells. Reagents, in par- 
ticular antibodies, which react specifically or preferentially 
with dendritic cells have great potential as large! ing agents to 
induce potent immune responses to tumor or infectious dis- 
ease ant igen s . *f hese c e 1 1 - s peei lie ta rget i i lg agen t s co u Id a 1 s o 50 
he engineered to deliver toxins to eliminate potent APCs (t\g. r 
dendritic cells) in bone marrow and organ transplantations or 
other autoimmune disorders. 

Accordingly, dendritic cell- specific binding agents would 
be of great therapeut ic and diagnostic value. 55 

SUMMARY OITHE INVENTION 

The present invention provides isolated human mono- 
clonal antibodies which specifically bind to antigen presenile 60 
cells (APCs) and. in particular, dendritic cells, as well as 
compositions containing such antibodies, either alone or 
coi n bined (c.g . . m ixed w i t h or I i n k ed to ) o t h er 1 1 tent pe ut i c o r 
diagnostic reagents. Accordingly, the antibodies and compo- 
sitions of the invention can be used in a variety of dendritic 6< 
eel I -targeted therapies, for example to affect antigen presen- 
tation or to treat A 11'- med in ted diseases. 



In certain embodiments, the human antibodies are charac- 
terized by high ailinity binding to dendritic cells, and by their 
ability to affect dendritic cell growth and/or function by tar- 
geting molecules or cells with defined functions (e.g.. a tumor 
cell a bacterium, a vines, an effector cell) 10 dendritic, cells. 
Accordingly, the human monoclonal antibodies of the inven- 
tion can be used as diagnostic or therapeutic agents in vivo 
and in vitro. 

In other embodiments, the human antibodies are charac- 
terized by binding to particular novel epitopes (e.g.. recep- 
tors) on dendritic cells. In still other embodiments, the human 
antibodies are characterized by binding to the macrophage 
mannose receptor, or a related receptor. 

Isolated human antibodies of the invention encompass 
various antibody i so types, such as fgGf, igG2. lgG3. lgG4. 
IgM. IgAL I&A2, IgAscc, IgD. and Igf . Typically, they 
include IgGI (e.g., lgG.1 k) and IgM isotypes, The antibodies 
can be full-length (e.g., an IgGI or IgG4 antibody) or can 
include only an am igen- binding portion (e.g., a fab. I 7 (ab') 2 . 
fv or a single chain Fv fragment). In one embodiment, the 
human antibodies are recombinant human antibodies. In 
another embodiment, the human antibodies are produced by a 
hybridoma which includes a Bcell obtained from a transgenic 
non-human animal e.g.. a transgenic mouse, having a 
genome comprising a I in man heavy chain iransgene and a 
human light chain iransgene fused to an immortalized cell. 

Particular human antibodies of the invention include those 
produced by hyhridomas referred to herein as A3. A5. A23. 
A24. A3x lV,>. B 1 1. BB. B47. C8. C 1 0. C20. C28. C29. CM). 
C35. EL \i& EI0, HI 8, 020, 1121 and E24. 

In another embodiment, human antibodies of the present 
invention are characterized by specific binding to dendritic 
cells and one or more of the following properties: 

a) a binding affinity constant of at least about 10'' M~\ 
preferably about iff M" : . and more preferably, about 
10 10 M~ r to H) n M"' or higher; 

c) an association constant (K asenc ) of at least about Hf\ 
more preferably about \if and most preferably about 
10- M"-S^; 

d) a .dissociation constant (K (Av ) of about I0" 3 s" ; . prefer- 
ably about J O" 4 s" 1 . more preferably. UT 5 s" 5 , and most 
preferably Xr'V 1 : 

e) the ability to opsonize dendritic cells; 

f) the ability to internalize a Her binding to dendritic cells: 

g) the ability to bind dendritic cells in situ (e.g.. in human 
tissues): 

h) the ability to activate dendritic cells (e.g.. induce cytok- 
ine release, expression of immunomodulatory surface 
molecules); or 

i) the ability to inhibit growth and/or mediate phagocytosis 
and k i 1 1 i ng of dend ri t ie eel Is in t he prese nee o f h u m a n 
effector eel Is at a concentration of about 1 Oug/ml or less 
(e.g.. in vitro), 

In one embodiment, isolated human antibodies of the 
invention bind to dendritic cells with an affinity constant of at 
least about 10 7 M~L preferably about \if M" 1 . more prefer- 
ably, about )(f M" 1 . and more preferably about 10 ir> to 10 n 
M~ "' or stronger. 

In another aspect, the invention provides nucleic acid mol- 
ecules encoding the antibodies, or antigen-binding portions, 
of the invention. Accordingly, recombinant expression vec- 
tors which include the antibody-encoding, nucleic acids of the 
invention, and host cells transfeeted with such vectors, are 
also encompassed by the invention, as are methods of making 
the. antibodies of the invention by culm ring these host cells. 

In yet another aspect, the invention provides isolated 
B-cells from a transgenic non- human animal, e.u.. a trans- 
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genie mouse, which are en pubic of expressing various i so- 
type*; (e.g.. JuG, IgA and /or IgM) of human monoclonal 
antibodies thai specifically bind to dendritic cells. Preferably. 
tUe isolated B cells are obtained from a transgenic non-human 
animal, e.g., a transgenic mouse, which has been immunized 
with a purified or enriched preparation of dendritic cells. 
Preferably, the transgenic non-human animal, e.g.. a trans- 
genic mouse, has a genome comprising a human heavy chain 
transgene and a human light chain transgene. The. isolated 
B-eells are then immortalized to provide a source (e.g.. a 
hvbridoma) of human monoclonal antibodies to dendritic 
cells. 

Accordingly, the present invention also provides a hybri- 
doma culpable of producing human monoclonal antibodies 
thai specifically bind to dendritic cells. In one embodiment, 
the hyhridoma includes a B cell obtained from a transgenic 
non-human animal, e.g.. a transgenic mouse, having a 
genome comprising a human heavy chain transgene and a 
human light chain transgene. fused to an immortalized cell, 
flie transgenic non-human animal can be immunized with a 
purified or enriched preparation of dent ri tic cells to generate 
anii body -producing hybridomas. Particular hybridomas of 
the invention include A3. A5, A2X A24. AV>. BM. B 1 1 . B33. 
B47. CK. CIO. C20. C28.C29. C30. G5, El. £8. EIO. lilK. 
1-20. 1-2 1 and 1124. 

in yet another aspect, the invention provides a transgenic 
non- human animal, sue It as a transgenic, mouse (also referred 
to herein as a "HuMah"). which express human monoclonal 
antibodies that specifically bind to dendritic cells. In a par- 
ticular embodiment, (lie transgenic non-human animal is a 
transgenic mouse having a genome comprising a human 
heavy chain transgene and a human light chain transgene. The 
transgenic non-human animal can be immunized with a puri- 
fied or enriched preparation of dendritic cells. Preferably, the 
transgenic non-human animal, e.g.. the transgenic mouse, is 
capable of producing multiple i so types of human monoclonal 
antibodies to dendritic cells (e.g., lgG. IgA and/or IgM) by 
undergoing V-D-J recombination and isotype switching. Iso- 
type switching may occur by. e.g., classical or non -classical 
isotype switching. 

hi another aspect, the present invention provides methods 
for producing human monoclonal antibodies which specifi- 
cally react with dendritic cells. In one em bod intent, the 
method includes immunizing a transgenic non-human ani- 
mal, e.g.. a transgenic mouse, having a genome comprising a 
human heavy chain transgene and a human light chain trans- 
gene. with a purified or enriched preparation of dendritic 
ceils. B cells (e.g.. splenic B cells) of the animal are then 
obtained and fused with myeloma cells to form immortal, 
hybridoma cells dial secrete human monoclonal antibodies 
against dendritic ceils. 

Isolated ami -dendritic cell human monoclonal antibodies 
of the invention, or antigen binding portions thereof, can be 
derivaiized or linked to another functional molecule, e.g., 
a not Iter peptide or protein (e.g.. an Fab 1 fragment). Tor 
example, an antibody or antigen-binding portion of the inven- 
tion can be functionally linked (e.g. by chemical coupling, 
genetic fusion, noncovalent association or otherwise) to one 
or more other molecular entities, such as a or another anti- 
body (e.g.. a bispeeifie or a multispeeifie antibody). Accord- 
ingly, in one aspect, the present invention features a human 
a nti -dendritic cell antibody, or a fragment thereof, conjugated 
to a therapeutic moiety, e.g.. a cytotoxic drug, an enzymati- 
cally active toxin, or a fragment thereof, a radioisotope, or a 
small molecule, for example, an immunomodulatory (e.g.. 
anti-inflammatory) compound, or an anti-cancer drug. 
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Human anti-dendritic cell antibodies of the invention also 
can be linked to an antigen, such that the antigen is targeted lo 
dendritic cells which internalize, process and present the anti- 
gen. The antigen can be, for example, a tumor cell antigen, a 

5 microbial antigen, a viral antigen or an autoamigen. 

In yet another aspect, the present invention provides a 
method for inducing or enhancing an immune response 
against an antigen (e.g.. a tumor cell antigen, a microbial 
ant igen, or a viral antigen) in a subject, comprising adminis- 

i o teri ng to t he sub ject a mof ecu la r complex comprising at least 
one binding specificity for a component on the surface of a 
dendritic cell linked to at least one antigen, wherein the com- 
ponent on the surface of the dendritic cell mediates internai- 
r/mion of the molecular complex when bound by the binding 

i ^ specificity. In one embodiment, the immune response com- 
prises antibodies that bind to the antigen. In another embodi- 
ment, the immune response comprises T cells that bind lo the 
antigen as a component of an MHO I or MHO N complex. 
In one aspect, the anti-dendritic cell antibody, or a fragment 

20 t hereof, can be usee! to ta rget who le cells (e.g. , a tu mor eel 1 . an 
et lee lor cell) or pathogens to dendritic cells for the induction 
of an immune response. In one embodiment, a eel! can be 
trans fected or transduced with a nucleic acid molecule encod- 
ing a human ami -dendritic cell antibody of the invention such 

2> thfit the ami -dendritic cell ami body is expressed on the sur- 
face of the cell. In another embodiment, an human ami- 
dendritic cell antibody of the invention can be directly chemi- 
cally or otherwise cross! inked, anchored or tagged to the coll 
surlaceofa cell (e.g., a tumor cell, a bacterium or a vims) such 

>:> that the cell can be targeted to dendritic cells. 

In a further aspect, the invention provides a method for 
immunizing a subject, comprising administering to the sub- 
ject an effective amount of a molecular complex comprising 
at least one binding specificity for a component on the surface 

j 5 of a dendritic cell linked to at least one antigen, wherein the 
component on the surface of the dendritic cell mediates inter* 
lUilizaikm of the molecular complex when bound by the bind- 
ing specificity. 

In another aspect, the present invention features a bispe- 

40 cific or multispeeifie molecule comprising at leasi one first 
binding specificity for dendritic cells and a second binding 
specificity an Fe receptor, eg., human Fc^Rl or a human Feu 
receptor, in another aspect, the present invention provides a 
bispeeifie or multispeeifie molecule comprising at least one 

4S first binding speei ficity for dendrit ic. eel Is and a second bind - 
ing specificity for an antigen on a target cell. A target cell is a 
cell whose elimination would be beneficial to the host. e.g.. a 
tumor cell, a microbial pathogen, or a virus or virus- infected 
cell. 

50 Multispeeifie molecules of the invention a bo include 
trispecific. tetraspecific and other multispeeifie molecules. In 
one embodiment the multispeeifie molecule includes mi ajtti- 
enhanccment factor (BP) portion, e.g. a molecule which binds 
to a surface protein involved in cytotoxic activity. 

35 In a particular embodiment, bispeeifie and multispeeifie 
molecules of the invention comprise at least one antibody, or 
fragment thereof (e.g.. an fab. Fab', F(ab')*. I- v. or a .single 
chain IV). In a particular embodiment, the antibody or frag- 
ment thereof is a completely human antibody or a portion 

60 thereof, or a "chimeric" or a "humanized" antibody or a 
portion thereof (e.g., has a variable region, or at least a 
complementarity determining region (CDK), derived from a 
mm -human antibody (e.g.. murine) with the remaining por- 
tionfs) being human in origin). 

In one embodiment, the at least one antibody or fragment 
thereof of the bispeeifie or multispeeifie molecule binds to an 
I c acceptor, such as a human lgG receptor, e.g.. an Fc -gamma 
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receptor (FcyR). such as FcyRI (CIX»4k FcyRIl(CD32), ami 
FcyR If! (CD .16). A preferred Fey receptor is the high aflimty 
Fey receptor. FcyRI'. However, other Fc receptors, such as 
human IgA receptors (e.g. FcaRI) also can be targeted* Hie 
Fc receptor is pre rem hi y located on die surface o f an effector 
cell. e.g.. a monocyte, macrophage or an activated polymor- 
phonuclear cell. In a preferred embodiment the bispectik 
and muhispceilic i no lee u 1 es b i nd to an I ; c recepto r a t a & i i e 
winch is distinct from the inummoglobulin Fe (e.g., I'gG or 
1 g A) h i ndi ng she of the receptor, i liercfore. the hi ndi ng o f the 
bispecilic and muhispecilie molecules is not blocked by 
p h ys io 1 ogi ca I i eve I s o f i n un u nog Io hu 1 ins . 

in another aspect, the present invention provides target - 
spec i He effector cells which comprise an effector cell 
expressing an Fc receptor, e.g.. a macrophage or an activated 
PMN cell, linked to a bisneeiiic or muhispocilk molecule of 
the invention, which binds to the ei lector eel 3 via its Fe recep- 
tor, ami also binds to a dendritic cell .so thai the effector cell is 
targeted to dendritic cells. 

hi anot her aspect, the present invention provides composi- 
tions, e.g.. pharmaceutical and diagnostic compositions, 
comprising a pharmaeeufieally acceptable carrier and at least 
one human monoclonal antibody of the invention, or an anti- 
gen-binding portion thereof, which specifically binds to den- 
dritic cells. In one embodiment, the composition comprises; a 
combination of the human antibodies or antigen -binding por- 
tions thereof, preferably each of which binds to a distinct 
epitope. For example, a pharmaceutical composition com- 
prising a human monoclonal antibody that mediates highly 
e i fee l i ve k i 1 1 mg o f de i k! r i tie e el I s \ n t he p tvscnee o f effecto r 
cells can be combined with another human monoclonal anti- 
body that inhibits the growth of dendritic cells, Thus, the 
combination provides multiple therapies tailored to provide 
the maximum therapeutic benefit. Compositions, e.g., phar- 
maceutical compositions, comprising a combination of at 
least one human monoclonal antibody of the invention, or 
antigen-binding portion* thereof, and at least one hi sped Ik or 
nuiltispecific molecule of the invention, or other therapeutic 
agents (eg,, cytotoxic agents) are also within the scope of the 
invention. 

In yet another aspect, the invention provides a method for 
inhibiting the proliferation and/or differentiation of dendritic 
eel I s by inhi b i t i ng grow il i at td/'o r b y iadi ic i i lg phagocy to si s 
ami/or killing of dendritic cells by human effector cells, such 
a s h u ma n p o I y \ no rp h o n u c I ea r col ls(PMNs),n io nocy tcs a nd 
macrophages, using an antibody, or antigen- binding portion 
thereof (or a bispecific or muhispecilie antibody) of the 
invention. In one cm bod i mem. the method comprises con- 
tacting a dendritic cell either in vitro or in vivo with one or a 
combination of human monoclonal antibodies of the inven- 
tion, or an ami gen -binding portion thereof in the presence of 
a human effector cell 'ihe method can be employed in cul- 
ture, e.g. in vitro or ex vivo (e.g.. cultures comprising den- 
dritic cells and effector cells). For example, a sample contain- 
ing dendritic cells and c fleet or cells can be cultured in vitro.' 
and combined with an antibody of the invention, or an anti- 
gen-binding portion thereof (or a bispecific or muhispecilie 
molecule of the invention). Alternatively, the method can be 
performed in a subject, e.g.. as part of an in vivo (e.g.. thera- 
peutic or prophylactic) protocol. 

For in vivo methods, the antibody, or antigen-binding por- 
tion thereof (or a bispecilic or multispecilic molecule of the 
invention), can be administered to a human subject suffering 
from a dendritic cell -mediated disease. These diseases 
i n c 1 u de. fo r exa n \ p I e . a u t o i m m un e d i sease . in f !a n i maio ry dis- 
ease, and graft versus host disease. Exemplar)' autoimmune 
diseases that can be treated (e.g., ameliorated) or prevented 



using the methods and compositions of the invention include, 
but arc not limited to rheumatoid arthritis, multiple sclerosis, 
diabetes mellims. myasthenia gravis, pernicious anemia. 
Addison's disease, lupus erythematosus, Reiter s syndrome. 

5 and Craves disease, 

In one embodiment, the subject can be additionally treated 
with an agent that modulates, e.g.. enhances or inhibits, the 
expression or activity of Fc receptor. e,g,. an Feci receptor or 
an Fey receptor, by for example, treating the subject with a 

i o ey to kine. Pre fe r red cy to ki ties lb r ad n tint s trat io n th r ri ng t rea t - 
mem with the bispecilic and mulri specific molecule include 
g n mu I oc.y t e col o ny - si i mu 1 a 1 1 1 1 g fac I o r (G -C S F). gran 1 1 locy te - 
macrophage colony-stimulating factor (GM-CSF). tnter- 
leron-y (IFN-v). and tumor necrosis factor (INI-). 

: > Isolated hu man m onocl ana 1 a n t i bod y co n i po si t ions of 1 1 te 
i n veil t i o n a 1 st » c an be a dn i i u i s t ered it l coi n bi m t i o n w i th other 
known therapies, e.g.. an ami -inflammatory or imnuino^up- 
pressant therapies, or cytotoxins. 

In yet another aspect, the present invention provides a 
method lor detecting in vitro or in vivo she presence of den- 
dritic cells in a sample, e.g., for diagnosing a dendritic cell- 
related disease. In one embodiment, this is achieved by con- 
tacting a sample to be tested, along with a control sample, 
with a human monoclonal, antibody of ilie invention, or an 

3 s a n t i gen - b i n d in g po rt i o n i he reo f ( or a bi s pec i 1 1c or m u 1 1 i s pe - 
ctlk molecule), under conditions that allow for formation of 
a complex between the antibody and a dendritic cell. Com- 
plex formation is then detected (e.g., using an FL1SA) in both 
samples, and any statistically significant difference in ihe 

■ v>i format ion of complexes between the samp les i s t ndi cat i ve t he 
presence of dendritic ceils in the test sample. 

Other features and advantages of the instant invention be 
a p p a ren t fro tn the fo I low i n g d eta il ed dese ri p ( i o n and el a i m s. 

*5 BRIEF DESCRIPTION OF 'I I IF DRAWINGS 

FIG. 1 shows the reactivity of human monoclonal antibod- 
ies B 1 1 . €20 and 1:2 1 with dendritic cells and hematopoietic 
ceil lines U937. OEM, HIP- 1 and 1.540, as assessed by flow 
cytotnetry. Binding was measured by mean fluorescence 
intensity. 

F 1 G . 2 s hows the dose-dope nden (binding o f \ m n t a 1 1 n iom> - 
clonal antibodies 13.1 1 . €20 and 1-21 io dendritic celts, as 
assessed by How cytometry. Binding was measured by mean 
H uo res cen ce i i it en s i ty. 

FIG. 3 shows the dose-dependent reactivity of human 
monoclonal antibody BI I with CD34+ stem cell-derived 
dendritic cells, as assessed by How cytometry. Binding was* 
measured by mean fluorescence intensity. 

FIG. 4 shows the binding of human monoclonal antibody 
BI 1 to dendritic cells and macrophages, as assessed by How 
cytometry. 

FIG. 5 shows the binding of human monoclonal antibody 
BI 1 to THP-I induced to different iate into a dendritic cell 
phenol ype, as assessed by How cytometry. 

FIG. 6 shows b i nd i ng of ii u i nan n i on oc 1 o na 1 a n t i body B 1 .1 
to macaque dendritic ceils, as assessed by flow cytometry- 
Binding was measured by mean fluorescence intensity. 
6 o FIG. 7 shows the percent internalization of human mono- 
clonal antibody BI 1 by dendritic cells over time at 37" (". 

FIG. 8 shows increased aniigen presentation via antibody 
Bt I compared to antigen alone, as measured by stimulation 
of tetanus toxoid-specifk T cells. 
6* F I G . 9 s h ows t he B 1 1 Sc F v cons tn i c t w h i eh was c ren ted b v 
linking the V, (SFQ ID NO: I and 2) and V„ (SFQ 1D.NO: 3 
and 4) domains of human monoclonal antibody Bit. 



4> 
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FIG. 10 shows a binding comparison between whole constant region is comprised of one domain. CL. The ATI and 

human monoclonal antibody tti 'l and h"(nb t )2 fragments of VL regions can be further subdivided into regions of hyper- 

BH to dendritic cells, as measured by FACS analysis, variability, termed complementarity determining regions 

FIG. 1 1 shows the percen! olTTfC-dextran internalization (CDRL interspersed with regions that are more conserved, 

by dendritic cells. 5 termed framework regions (KR), Each VII and VL is com- 

1*1(1. 12 shows that conjugation of antigen toBl 1 enhances posed of three CDRs and four PRs. arranged from amino- 
aniiuen presentation, as 10 to 100- fold lower amounts of terminus to earboxy-termimts in the following order: FRL 
antibody Bl 1 -conjugated tetanus toxoid are required to CDkl . FR2. CDR2. FR3. CDR3, FK4. The variable regions 
achieve the same level of 1." ceil stimulation as with tetanus of the heavy and light chains contain a binding domain thai 
toxoid alone. to interacts with an antigen. The constant regions of the ami- 
no. 13 shows the nucleotide and corresponding amino bodies may mediate the binding of the immunoglobulin to 
acid sequences of the variable light (VL) and variable lieavy host tissues or factors, including various cells of the immune 
(VL) chains of antibody ft] L system (e.g.. effector cells) and the first component (Clq) of 

the classical complement svstem. 

DETAILr-D DESCRIPTION OF THE INVENTION 5 > The term -antigen-binding portion" of an antibody (or 

simply "antibody portion"), ass used herein, refers to one or 

The preseju invention provides novel antibody-based more fragments of an antibody thai retain the ability to spe- 

therapies for modulating ciliealiy bind to an antigen (e.g., an antigen on a dendritic 

gen. and for treating and diagnosing diseases mediated by cell). It has been shown that the antigen-binding function of 

dendritic cells. 20 an antibody can be performed by fragments of a full-length 

'Hienipies of the invention employ isolated human mono- antibody. Examples of binding fragments encompassed 

clonal antibodies, or am igen-biuding port ions thereof, which within the term "antigen-binding portion' 1 of an antibody 

bind io an epitope present on antigen presenile cells (APC) r include (i) a Fah fragment, a monovalent fragment consisting 

particularly dendritic cells and cells related thereto. In one of the V'L, V1T CL and CI 11 domains; (i.i) a \ : {ah% fragment, 

embodiment, die human antibodies are produced in a non- j> a bivalent fragment comprising two fab fragments linked by 

hiinum transgenic aimiud. e.g., nrninsgenieinouise, capable of a disulfide bridge at the hinge region; (in) a Fd fragment 

producing multiple isoty pes of human monoclonal antibodies consisting of the ATI and CM I domains: (iv) a fv fragment 

to dendritic cells (e.g,.igCL IgA and/or IgB) by undergoing consisting of the VL and VH domains of a single arm of an. 

V-D-J recombination and isotype switching. Accordingly. antibody, (v) a dAb IVagment (Waal et ah. (I95S9) .Nature 

various aspects of the invention include human antibodies, & 341:544-546). which consists of a VH domain: and (vi) an 

antibody fragments ami antibody mimetics, pharmaceutical isolated complementarity determining region (CDR). Fur- 

eomposiiions thereof as well as non-human transgenic ani- thermore. although the two domains of the Fv fragment. VL 

mals, and B-cells and hybridomas ibr making such mono- and V.I-1. are coded for by separate genes, they can be joined, 

clonal antibodies. Methods of using the antibodies of the using recombinant methods, by a synthetic linker that enables 

invent ion to detect a dendritic cells or a related cell type y$ them to be made as a single protein chain in which the VL and 

expressing a dendritic cell antigen, or to inhibit growth, dif- VH regions pair io form monovalent molecules (known as 

ferent iation and/or act i v i ty o fa dendri t ic eel 1, ei ther in vi i ro or sin gl e cha i n F v (scTV) ; see e.g.. B i rd et a 1(1 988) Scicnt^ 

i n vi vo . a re a 1 so encom passed by i he i nven tio n . 242 :4 23 -4 26; a ml H uston et a I , ('1 988) /W. Ay///. A aid. Sa. 

In order that the present invention may be more readily uSa 85:5H79-5&*3). Such single chain antibodies are also 

u nderstood , eerta in tern is are firs t defined . Add i t \ ona i dell ni - 40 intended to be encompassed w i t hi i n he term *\-im igen - b i hdi ng 

lions are set forth throughout the detailed description. portion" of an antibody. These antibody fragments are 

lite term "dendri lie cell" as used herein, includes imma- obtained using conventional techniques known to those with 

tu re and mam re dendrit ie cells and related myeloid progenitor ski 1 1 in the an, and the fragments are screened for uti lity in the 

cells that are capable of differentiating into dendritic cells, or same manner as are intact antibodies, 

related antigen presenting cells (e.g.. monocytes and mac- 4S The term "bispecific molecule" is intended to .include any 

rophages) in that they express antigens in common with den- agent, e.g., a protein, peptide, or protein or peptide complex, 

drilic cells. As used herein, the term "related" includes a cell which has two di (ferent binding specificities which bind to, or 

that is derived from a common progenitor cell or cell lineage. interact with, for example, (a) a dendritic cell and (b) an Fc 

In a preferred embodiment, binding of an antibody of the receptor on the surface of an effector cell. In another em bodi- 

invention to a dendritic cell inhibits the growth of dendritic 50 menu a bispecific molecule of the invention has two different 

cells. In another preferred embodiment, binding of an anti- binding specificities which bind to, or interact with fa) a 

body of the invention to dendritic cells mediates an effect on dendritic cell and (b) an antigen on a target cell (e.g.. a tumor 

dendritic cell growth and/or function by target ing molecules cell), The tenn "multispecific molecule" or "heterospecific 

or cells with defined functions (e.g.. tumor cells, effector molecule" is intended to include any agent, e.g.. a protein, 

cells, microbial pathogens) to dendritic cells. 'In a further 55 peptide, or protein or peptide complex, which has more than 

embodiment, binding of an antibody of the invention to a two different binding specificities which bind to, or interact 

dendritic cell results in internalization of the antibody by the with, for example, (a) a dendritic cell, (b) an Lc receptor on 

dendritic cell the surface of an effector cell, and (e) at least one other 

As used lie re in. the term "antibody" refers to a glycopro- component. Accordingly, the invention includes, but is not 

tein comprising at least two heavy (IT) chains and two light 60 limited to. bispecific. trispecific. leinispecific. and other mul- 

(L) chains mtcr-coitncctcd by disulfide bonds. Each heavy tispecific molecules which are directed to cell surface anli- 

chain is comprised of a heavy chain variable region (abb re- gens, such as a dendritic, celt antigen, and to Fe receptors on 

viated herein as HC VR or VII) and a heavy chain constant effector eel Is, or an antigen on a target cell (e.g.,a tumor cell), 

regi o n . The hea vy eh a i n co i is ta n t reg io n i s com p ri s ed oft h ree Th e t erm "* bi s pec i li c a nt i bod ies* 1 f u rt he r i ne 1 ud es d i a bodi es . 

domains. CH 1 , 0H2 and CH3. Lach light chain is comprised ^5 1 )iabodies are bivalent, bispecific antibodies in which the VI I 

of a light chain variable region (abbreviated herein as LCVR and VL domains are expressed on a single polypept ide chain, 

or VL) and a light chain constant region. The light chain but using a linker that is too short to allow Tor pairing between 
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ihc two domains on the same chain- thereby forcing the 
domains to pair with complementary domains of another 
chain and creating two antigen binding sites (see e.g.. Hol- 
liger. P., et al. i\99$) ProS. NofL Acad. Sci USA 90:6444- 
644S: I'oljak. R, J, r a ah (1 994) Sirucmn> 2; 1121-1 12$). 

As used herein, the term *1tctemanli bodies" refers to two or 
more a mi bodies, on li body binding fragments (e.g.. Fab), 
derivatives t herefrom, or antigen binding regions linked 
together, a t 1 e: t si t wo o f wh ieh h« i vc d i H erei U s p ec j f i c i i i es . 
These different speci licit ies include a bind i ng specificity for a 
dendritic eel), and a binding specificity for an Fc receptor on 
an effec tor cell, or an antigen or epitope on a target cell, e.g.. 
a tumor cell. 

71 ic tenn "human antibody**, as used herein, is intended to 
include antibodies having variable and constant regions 
derived from human germlmc immunoglobulin sequences. 
Hie hu man a n i i bo dies of the i nvent ion m a y include am i no 
acid residues not encoded by human germ] ine immunoglo- 
bulin sequences (e.g.. mutations introduced by random or 
site-spec Hie tmita genesis in vitro or by somatic mutation in 
vivo ) A\ owever. the term * 1 m m an ant ) b od y ' \ a s u sed he re in, i s 
not intended to include antibodies in which CDR sequences 
derived from the genu line of another mamma Han species, 
such m a mouse, have been grafted onto human framework, 
sequences. 

The terms "monoclonal antibody" or "monoclonal anti- 
body composition" as used herein refer to a preparation of 
antibody molecules of single molecular composition. A 
monoclonal antibody composition displays a single binding 
specificity and affinity for a particular epitope. Accordingly, 
the term "human monoclonal antibody' 5 refers to antilsodies 
displaying a single binding specificity which have variable 
a nd co n s t an t reg i o n s de ri ved IVo m hu n ut n gen n ! in e i j n mtt n o • 
globulin sequences. In one embodiment, the human mono- 
clonal antibodies are produced by a hybridoma which 
includes a B cell obtained from a transgenic non-human ani- 
mal e.g.. a transgenic mouse, having a genome comprising a 
human heavy chain transgenc and a light drain mmsgene, 
fti sed to an \ m mort a 1 i xed cell. 

The tenn "recombinant human antibody", as used herein, 
is intended io include all human antibodies that are prepared, 
expressed, created or isolated by recombinant means, such as 
ami bodies isolated from an animal (e.g.. a mouse) that is 
transgenic lor human immunoglobulin genes (described fur- 
therm Sec t io n 1 . be Io w ) *. a n t i bo d i es ex pre ssed t i s t n g a reco n i - 45 
hinant expression vector tnmsfected into a host ceil, antibod- 
ies isolated from a recombinant, combinatorial human 
antibody library* or antibodies prepared, expressed, created or 
isolated by any other means that involves splicing of human 
immunoglobulin gene sequences to other DNA sequences. 
Such recombinant human antibodies have variable and con- 
stant regions derived from human germ line immunoglobulin 
sequences. In certain embodiments: however, ^uch recombi- 
nant human antibodies are subjected to in vita 1 ) mutagenesis 
(or, when an animal transgenic lor human Ig sequences is 
used, in vivo somatic mutagenesis) and thus the amino acid 
sequences of the VH and Vf regions of the recombinant 
antibodies are sequences that, while derived from and related 
to human gcrmlinc VI I and V L sequences, may not naturally 
exist within the human antibody germ line repertoire in vivo, 

As used herein, a "heterologous antibody" 1 is defined in 
relation to die transgenic non-human organism producing 
such an antibody. This term refers to an antibody having an 
amino acid sequence or an encoding nucleic acid sequence 
corresponding to that found in an organism not consisting of downstream from the hinctionally rearranged V'f)J gene, fso- 
the transgenic non-human animal, and generally from a spe- type switching has been classified as classical or non-classi- 
cies other than that of the transgenic non-human animal. ca! isotype switching. Classical isotype switching occurs by 
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As used herein, a "heterolvybrid antibody' 1 refers to an 
ant ibody having a light and heavy chains of different organ- 
ismal origins. For example, an antibody having a human 
heavy chain associated with a murine light chain is a hetero- 
hyhrid antibody, Examples of heterohyhrid antibodies 
include chimeric and humanized antibodies, discussed supra. 

An "isolated antibody**, as used herein, is intended io relet 
to an antibody which is substantially free of other antibodies 
having different antigenic specificities (e.g., an isolated anti- 
body thai specifically binds to dendritic cells and related 
myeloid derived antigen presenting cells (e.g., monocytes 
and macrophages), and is substantially lav of antibodies that 
specifically bind cell types other than dendritic cells). An 
isolated antibody that specifically binds to a dendritic cell 
may. however have cross- reactivity to other cells, e.g., cell 
types that express an antigen that is related to the cognate 
anliuen on a dendritic cell. Moreover, an isolated antibody 
may be substantially free of other cellular material and/or 
chemicals. In one embodiment of the invention- a combina- 
tion of ^isolated" monoclonal antibodies having different 
specificities a a 7 - combined in a well defined composition. 

As used herein, the terms "specific binding" and "specifi- 
cally binds to TT refers to specificity of antibody binding io a 
predetermined antigen or cell type, An antibody which "binds 
specifically to" or is '"specific for " a particular antigen or cell 
type, binds to the antigen or celt type with selectivity over 
other antigens and cell types. While each antibody of the 
invention binds specifically to a particular target epitope (e.g.. 
present on the surface of a dendritic cell), specific antibodies 
of die invention, in certain embodiments, may exhibit some 
crass -reactivity wiih other A PCs hi other embodiments, the 
spec i ll c an i i b od ies react only w i th de ndri t i c cell s . 7 y p I ca 1 1 y. 
the antibody binds with an allium of at least about 1x10' 
ivr\ and binds to the predetermined antigen with an affinity 
that is at least two-fold greater than its affinity for binding to 
a non-specific antigen (e.g.. BSA. casein) other than the pre- 
determined antigen or a closely -related antigen, The phrases 
''an antibody recognising m antigen" and "an antibody .spe- 
cific for an antigen*" are used interchangeably herein with the 
tenn "an antibody which binds specifically to an antigen'. 

As used herein, the tenn "high affinity" for an IgG antibody 
refers to a binding affinity of at least about 10 ' M" 1 . preferably 
at least about I0' ? M~\ more preferably at least about 
I0 ,5 \\T'. 10 M M"'. 10 l3 M" 1 or greater, e.g." up to I0 s3 \r' or 
greater. However, "high affinity" binding can vary tor other 
a ut ibody isotypes . For example, "high a Hin it y" bindi ng for an 
IgM isotype refers to a binding affinity of at least about 

7*he term *'K,, Ay ^ ( . , \ as used herein, is intended to refer to t he 
association constant of a particular antibody -anti gen interac- 
tion. 

1 he tenn "K^"» as used herein, is intended to refer to the 
dissociation constant of a particular antibody-antigen inter- 
action. 

As used herein, "isotype" refers to the antibody class (e.g., 
IgM or IgG 1 ) ! hat is encoded by heavy chain constant region 
aenes. 

As used lierein, 'isotype switching" refers to the phenom- 
enon by which the class, or isotype. of an antibody changes 
from one Ig class to one of the other Ig classes. 

As used herein, "nons witched isotype" refers to the iso- 
typic class of heavy chain that is produced when no isotype 
switching has taken place: the CM gene encoding the non- 
switched isotype is typically the first CM gene immediately 
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recom hi nation events which involve al least one switch 
sequence region in the transgenc. Non -classical isolype 
switching jniiy occur by. lor example, homologous recombi- 
nation between human o {J and human I Jt (6-£issoci;iicci dele- 
tion). Alternative non-classical switching mechanisms, such 
as inter! ransgene and/or interchromusomul recombination, 
among ot Iters, may occur and effectuate isotype switching. 

As used herein, the term "switch sequence" refers to those 
DNA sequences responsible for switch recombination. A 
"switch cionor" sequence, typically an switch region, will be 
5 ! (i.e., upstream) of the construct region to be deleted during 
the switch recombination. The "switch acceptor" region will 
be between the construct region to be deleted and the replace- 
ment constant region (e.g.. y. etc.). As there is no specific 
site where recombination always occurs, the final gene 
sequence will typically not be predictable from the construct. 

As used herein, "glyeosylation patient" is defined as the 
pattern of carbohydrate units that are cova lenity attached to a 
protein, more specifically to an immunoglobulin protein. A 
glyeosylation patient of a heterologous antibody can be char- 
acterized as being substantially similar to glyeosylation pat- 
terns which occur naturally on antibodies produced by the 
species of the nonhuman transgenic animal, when one of 
ordinary skill in the art would recognize the giycosylation 
pattern of the heterologous antibody as being more similar to 
said pattern of giycosylation in the species of the nonhuinan 
transgenic animal than to the species front which the CM 
genes of me transgene were derived. 
. Hie term "nat tiral !y -occurring" as used herein as applied to 
an object return to the fact that an object can be ibimd in 
nature. For example, a polypeptide or polynucleotide 
sequence that is present in an organism (including viruses) 
that can be isolated .from a source in nature am! which lias not 
been intentionally modified by man in the laboratory is natu- 
rally -occurring. 

The term "rearranged" as used herein refers to a configu- 
ration of a heavy chain or light chain immunoglobulin locus 
wherein a V segment is positioned immediately adjacent to a 
D-J or J segment in a conformation encoding essentially a 
complete VI ! or VI, domain, respectively. A rearranged 
immunoglobulin gate locus can be identified by comparison 
to gcrmlinc DNA; a rearranged locus will have at least one 
recomhmed heptamer/nonamer homology element. 

The term "unrear ranged" or "gennline configuration" as 
used herein in reference to a V segment refers to the configu- 
ration wherein the V segment is not recom bined so as to be 
immediately adjacent lo a D or J segment. 

The term "nucleic acid molecule**, as used herein, is 
intended to include DNA molecules and KNA molecules. A 
nucleic acid molecule may be single- stranded or double- 
stranded, but preferably is double-stranded DNA. 

The term "isolated nucleic acid molecule", as used herein 
in reference to nucleic acids encoding antibodies or antibody 
portions (eg.. VIL VL. CDR3) that bind to dendritic cells, is 
intended to refer to a nucleic acid molecule in which the 
nucleotide sequences encoding the antibody or antibody por- 
tion are free of other nucleotide sequences encoding antibod- 
ies or antibody portions that bind cells other than dendritic 
cells, which other sequences may naturally Hank the nucleic 
acid in human genomic DNA. 

l ; or nucleic acids, the term "substantial homology* 1 indi- 
cates that two nucleic acids, or designated sequences thereof, 
when optimally aligned and compared, are identical, with 
appropriate nucleotide insertions or deletions, in at least 
about 80% of the nucleotides, usnallv at least about 90% to 
95%. and more preferably at least about 98% to 99.5% of the 
nucleotides. Alternatively, substantial homology exists when 
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the segments will hybridize under selective hybridisation 
conditions, to the complement of the strand. 

The percent identity between two sequences is a function 
of the number of identical positions shared by the sequences 

* (i.e.. % homology of identical posit ioiiS' ; iotat H of posi- 
tiousxlOO), taking into account the number of gaps, and the 
length of each gap. which need to be introduced for optimal 
alignment of the two sequences. The comparison of 

, seq uences and determi nat ion o f percent iden t i ty bet ween f wo 
sequences can be accomplislied using a mathematical algo- 
rithm, as described in the non-limiting examples below. 

'the percent identity between two nucleotide sequences 
can be determined using the GAl 3 program in the GCG soli- 

15 ware package (available at http://www.gcg.eoin). using a 
N WSgapdna.CM'P matrix and a gap weight of 40, 50. 60. 70. 
or 80 and a length weight of L 2. 3, 4. 5. or 6. The percent 
identity between two nucleotide or amino acid sequences can 
also determined using the algorithm of E. Meyers and W. 

20 Miller (G>w/«/. AppL BioscL 4:11-17 (1988)) which has 
been, incorporated into the ALIGN program (version 2.0). 
using a RAM 1 20 weight residue table, a gap length penalty of 
12 and a gap penalty of 4. In addition, the percent identity 
between two amino acid sequences can be determined ushm 

n the Needleman and Wunsch (./ Moi Biol. (4S):444-453 
(1 970)) algorithm which has been incorporated into the GAP 
program in the GCG software package (available at hup:// 
www.gcg.com). using either a fS loss urn (>2 matrix or a 
PAM2lo'malrix.andagapwvightof 16. 14. .12, 10. 8. 6, or 4 

M) and a length weight of 1, 2. 3, 4, 5 r or 6. 

The nucleic acid and protein sequences of the present 
invention can further be used as a "query sequence" to per- 
form a search against public databases to. for example, iden- 
3 t i fy re 1 a t ed sequel ices .Such sea rehe s c a t \ be p e r I b rm ed ■ u s i ng 
the NBLAST and X BLAST programs (version 2.0) of Alts- 
chuL et al. (1990) ./. Mol Bin!. 215:403-10. BLAST nucle- 
otide searches can be performed with the NBLAST program, 
sco re ~ 1 00. word length- 1 2 ■ to ob tain nucleot ide sequences 

40 homologous to the nucleic acid molecules of the invention. 
BLAS'Lproiein searches can be performed with theXBLAST 
program, score 50, wordlength-3 to obtain amino acid 
sequences homologous to the protein molecules of the inven- 
tion. To obtain gapped alignments tor comparison purposes. 

. s Gapped BLAST can be uti li/ed as described in Alischui et al. 

*° (1 997) Nucleic Acids AVs. 25( 1 7):?389-3402. When utilizing 
BLAST and Gapped BLAST programs- the default param- 
eters of die respective programs (e.g.. X BLAST and 
NBLAST) can be used. See http://www.ncbi.nlm.nih.gov. 

50 The nucleic acids may be present in whole cells, in a cell 
lysate. or in a partially purified or substantially pure form. A 
nucleic acid is "isolated" or "rendered substantially pure" 
when purified away from other cellular components or other 
contaminants, e.g., other cellular nucleic acids or proteins, by 

55 standard techniques, including alkaline/SDS treatment. CsCI 
banding, column chromatography, aganjse gel electrophore- 
sis and others well known in the an. See, K AusubeL et al.. ed. 
Current Protocols in \t oka/far Biology. Greene Publishing 
and Wiley Intcrscience. New York (1987). 

to I "he nucleic acid compositions of the present invention, 
while often in a native sequence (except for modified restric- 
tion sites and the like), from either cDNA. genomic or mix- 
lures may be mutated, thereof in accordance with standard 
techniques to provide gene sequences, f or coding sequences. 

6* these mutations, may affect amino acid sequence as desired. 
. In particular. DNA sequences substantially homologous to or 
derived from native V* XX L constant, switches and other such 
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sequences described herein are contemplated (where techniques for producing monoclonal antibody can be 

"derived 1 * indicate? thai a sequence is identical or modified employed e.g., viral or oncogenic transformation of B lym- 

from another sequence). phoeytes. 

Hie term "operatively linked" or "operablv linked" is The pre ferred animal svstem for nrepnrma hvbridomas is 

intended to mean thai molecules are functionally coupled to 5 |hc mnrincsyslem . Hybridoma product ion in murine svstems 

each other in thai the change ol activity or stale ol one . mo - ■ , ... n ur.i i * i r * ■ . "i i 

. . ~ , ' ri , , is a well-established procedure, Immunization protocols and 

ectile is affected bv the activity or state ol the other molecule. . . r . . . ... ■ » , . 

> ui i : i t» i • i i ■ , techniques lor isolation ohitmuiwyedsplcnoevtes tor fusion 

A nucleic acid is operablv linked when it is placed into a \ t . , . ' 

Junctional relationship with another nucleic acid sequence. aTC kl «*™ u \ lhe arL H,s ' on ^ rtnorS ^ nu,rmc 

I or instance, a promoter or enhancer is operablv linked to a to m - vcIoma cel,s > mid hiSKm P™* 1 ""* are also well known. 

coding sequence if it affects I he transcript ion of the sequence, 3 n a preferred embodiment, human monoclonal antibodies 

With respect to t ra use ri pt ion regu luio ry seq uences. opera bly d i rec ted uga i nst dendritic ce Ms a re genera ted u si ng I ransgen ic 

linked means that the DMA sequences being linked are con- mice carrying parts of the human immune system rather than 

tiguous unci where necessary to join two protein coding the mouse system .These transgenic mice, referred to herein 

regions, contiguous and in reading frame, for switch \s as "TluMAb" mice, contain a human immunoglobulin gene 

sequences, operablv linked indicates that the sequences are mini loci that encodes tmrearra nged human heavy (p and y) 

ea pa bl e of e 11 ec t i ng s vv it ch recomb i na lion . "i yp teal I y. two and K li gh t chai n im m unoglohul in sequences*, together w i th 

polypeptides thai are operablv linked are covalently attached targeted mutations that inactivate the endogenous u and k 

.through peptide bonds. chain loci (Lonheig. N, et al. ( ! 994) Nature 368(6474)' 856- 

The term 'Vector", as used herein, is intended to refer to a 20 859). Accordingly, the mice exhibit reduced expression of 

nucleic acid molecule capable ol* transporting another nucleic mouse IgM or k. and in response to immunization, the intro- 

acid to which it has been linked. One type of vector is a duced human heavy a nd light chain transgenes undergo class 

"plasm id" which refers to a circular double stranded DNA switching and somatic mutation to generate high affinity 

loop into which additional DNA segments may be ligatexL human IgGtc monoclonal (Lonberg. N. e! al. (1954), supra; 

Another type of vector is a viral vector, wherein additional ■>> reviewed" in Lonberg. N. (1 994) Handbook *>/' Experimental 

DNA segments may he ligaied into the viral genome. Certain Pharmacology I 1 3:49 - 1 01 : Lonberg. N. and I luszar. D. 

vectors are capable of autonomous replication in a host cell ( J 995) I merit. Rv\>. Immunol. Vol 1 3: 65-93. and Harding, R 

into which they are introduced (e.g.. bacterial vectors having im d Lonberg, N. (1995) Ann, NX Acad, -Sa 764:536-546). 

a bacterial origin of replication and episomal mammalian The preparation of HuMab mice is described in detail Section 

vectors). Other vectors (e.g., non-episomal mammalian vec- Jt> j| below and in Taylor. L. et al (1992 ) Xitdeic Adds Kesearch 

tors) can be integrated into the genome of a host cell upon 20:6287-6295; Chen, J. et al. (1993) international Immunol- 

introduction into the host cell, and thereby are replicated ogy 5: 647-656; Tuaillon et al. (1993) Pmc. Natl Acad. Sci 

along with the host genome. Moreover, certain vectors are USA 90:3720-3724; Choi et al. (1993) Nature Genetics 

capable of directing the expression of genes to which they are 4:117-1 23; Chen. J . et al. ( 1 993) EM BO J. 12: 82 1 -830; 

operatively linked. Such vectors are referred to herein as 35 Tuaillon et al. ( 1994)7. Immunol. 152:291 2-2920: Lonberg el 

"recombinant expression vectors'* (or simply, "expression at,. (1994) Nature 368(6474): 856-859; Lonberg, N\ (1994) 

vectors"). 1 n gen era I. expression vec to rs of u ti I i ty i n recoro - Handbook ojluxperimenta i I 'harmacology 113:49*101; Tay - 

hi mini DNA techniques are ol ten in the form of plasm ids. In lor, L. et al. (1994) International hnmunoh^y 6: 579-591: 

the present speeilieat ion, "plasmid" and -vector* may be used Lonberg. N, and Huszat; D. { 1 995) Intent. HevJttmttmoL Vol. 

interchangeably as the plasmid is the most commonly used 40 13: 65-93: Harding. R and Lonberg, N. (1995) Ann, MK 

form ol' vector. However, the invention is intended to include Acad. Sci 764:536-546: Li sh wild, D. et al. (J 996) Nature 

such other forms of expression vectors, such as viral vectors 8 io technology 14; 845-851. the contents of all of which are 

(e.g.. replication defective retroviruses, adenoviruses and hereby incorporated byre lerence in their enti ret y. See further, 

adeno-associated viruses), which serve equivalent functions. U.S. Pal. Nos. 5.545.806; 5.569.825: 5.625.126: 5.633.425: 

The term ''recombinant host cell* (or simply "host cell"). 45 5.789.650; 5,877.397: 5.661.016; 5.814318: 5.874.299: and 

as used herein, is intended to refer to a cell into which a 5.770.429; all to Lonberg and Kay. and Gen f Miami Interna - 

recombinant expression vector has been introduced. It should nonal: U.S. Pat. No. 5.541807 to Surani et al; International 

be understood thai such terms are intended to re lor not only to Publication Nos. WO 98/24884. published on Jun. i 1 . 1 998: 

the particular subject cell but lo the progeny of such a cell WO 94/25585, published Nov. 10, 1994; WO 93/1227, pnb- 

Beca use certa in mod ificat iotis m ay occ u r i n s ucceeding gen- 50 I ishe<l .1 un. 24 J 993 ; WO 92/2264 5. pub I tshed Dec . 23 .1992; 

eralions due to either mutation or environmental influences. WO 92/039 J 8. published Mar. 1 9. 1 992.. the disclosures of al I 

such progeny may not. in fact, be identical to the parent cell of which are hereby incorporated by reference in (heir entity, 
but are still included within the scope of the term "host ceir 

as used herein. HuMab Immunizations 

Various, aspects of the invention ate described in further 55 To generate fully human monoclonal antibodies to den- 
detail in the following subsections. dritic cells. HuMab mice can be immunized with a purified or 

enriclted preparation of dendritic cells, as described by 1 .on- 

I. Produciion of Human Antibodies to Dendritic berg, M et al, (1 994) Nature 368(6474); 856-859: Pishwild. 

Cells I X et al (1996) Natmv Biotechnology 14: 845-85 1 and WO 

r>0 98/24884. Preferably, the mice will be 6-16 weeks of age 

While particularly preferred methods of generating human upon the first immunization. For example, a purified or 

monoclonal ant i bodies (mA hs) of the invent ion are described enriched preparation of dendritic cells (1-10 million cells) 

in detail herein, a variety of other techniques, including con- can be used to immunize the I luMab mice intniperitoneally. 

venttonal monoclonal antibody methodology e.g., the stan- In the event that immunizations using a purified or enriched 

dard somatic cell hybridization technique of Kohler and Mil- ^ preparation of dendritic cells do not result in antibodies, mice 

stein. Natutv 256: 495 (1975) also can be used. Although can also be immunized with a dendritic cell lysate to promote 

somatic cell hybridization procedures are preferred, other immune responses. 
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Cumulative experience with various ami gens has shown 
that the I ItiMAb transgenic mice respond best when initially 
immunized intraperitoneal!}' (IP) with ami gen in complete 
Freund's adjuvant, followed by every other week IP immu- 
nizations (up to a total of (>) with antigen in incomplete 
FreutuPs adjuvant. The immune response can be monitored 
over the course of the immunization protocol with plasma 
samples being obtained by retroorbhal bleeds. The plasma 
can he screened, for example by 1. if. ISA or How cytometry' (as 
described below), and mice with sufficient liters of anti-den- 
dritic cell human immunoglobulin can be used for fusions. 
Mice can be boosted intravenously with antigen 3 days before 
sacrifice and removal of the spleen, It is expected that 2-3 
fusions for each antigen may need to be performed. Several 
mice will be immunized for each antigen, for example, a total 
of twelve MuMAb mice of the HC07 and HC01 2 strains can 
he immunized. 

Generation of Hybridomas Producing Human Monoclonal 
Antibodies to Dendritic Cells 

The mouse splenoeyies can be isolated and. .fused with PEG 
to n mouse myeloma cell line based upon standard protocols. 
The resulting hybridomas are then screened for the produc- 
tion of antigen-specific antibodies. For example, single cell 
suspensions of splenic lymphocytes from immunized mice 
are fused to one-sixth the number of P3X6.VAg8.6S 3 nonsc- 
crciing mouse myeloma cells (ATCC. CRL 1580) with 50% 
PEG. Cells are plated at approximately 2x10 s in flat bottom 
microliter plate, followed by a two week incubation in selec- 
tive medium containing 20% fetal Clone Serum, 18% "653" 
conditioned media. 5%origen (IGEN), 4 mM L-g]u tarn inc. 1 
niM L~glutaminc\ I mM sodium pyruvate. 5 mM HFPBS. 
0.055 mM 2-mercaptocthanoL 50 units/ml penicillin, 50 
nig/ml streptomycin. 50 mg/ml gent amy cm and Ix MAT 
(Sigma; the HAT is added 24 hours after the fusion). After wo 
weeks, cells are cultured in medium in which the MAI" is 
replaced with NT. Individual wells are then screened by 
BUS A lor human ant i -dendritic cell monoclonal IgM and 
IgG antibodies. Once extensive hybridoma growth occurs, 
medium is observed usually after J 0-14 days, The antibody 
secreting hybridomas are replatcd. screened again, and if still 
positive lor human IgG, anti-dendritic cell monoclonal anti- 
bodies, can besubcloned at least twice by limiting dilution. 
The stable. subclones arc then cultured in vitro to generate 
small amounts of antibody in tissue culture medium for char- 
acterization* 

Characterization of Binding of Human Monoclonal Antibod- 
ies to Dendritic Oils 

To characterize binding of human monoclonal dendritic 
cell antibodies of the invention, hybridomas can be screened, 
for example, for positive react ivy with dendritic cells by flow 
cytometry. 

Briefly, dendritic cells are harvested and washed, then 
added to % well plates and incubated with dilutions of hybri- 
doma supertataniK (or monoclonal antibodies in PBS con tain - 
ing 0.i%TweenSO and 20% mouse serum) at 4*C. for I hour. 
Hie plates arc then washed, and further incubated with sec- 
ondary antibodies (e.g. FITCor PI --labeled anti-human IgG) 
for 1 hour at 4 5 C After washing the cells are fixed with 1% 
paraformaldehyde, and analyzed. The samples can be ana- 
lyzed by FACScan instrument using light and side scalier 
properties to gate on single cells. An alternative assay using 
fluorescence microscopy may be used (in addition to or 
instead of) the flow cytometry assay. Cells can be stained 
exactly as described above and examined by fluorescence 
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microscopy. 'fliis method allows visualization of individual 
cells, hut may have diminished sensitivity depending on the 
density of the antigen. 

Hybridomas that bind with high avidity to dendritic cells 
5 vv i M be subeJoned and further cha racteir/ed . One clone from 
each hybridoma, which retains the reactivity of the parent 
cells (by flow cytometry), cart be chosen for making a 5-10 
vial celi bank stored at -140* C. and lor antibody purilica- 
tion. 

to To purify human anti-dendritic cell antibodies, selected 
hybridomas can be grown in two- liter spinner-flasks for 
monoclonal antibody purification. Supernatant^ can be fil- 
tered and concentrated before affinity chromatography with 
protein A-sepharosc (Pharmacia. Piscataway. N.J.). Fluted 

'>> IgG can be checked by gel electrophoresis and high perlbr- 
mance liquid chromatography to ensure purity. The bufler 
solution can be exchanged into PBS, and the concent rat ion 
can be determined by Ol using 1 .43 extinction coefficient. 
The monoclonal antibodies can be alkjuotcd and stored at 

2*) -80° C. 

To determine if the selected human ami -dendritic cell 
monoclonal antibodies bind to unique epitopes, each anti- 
body can be biotmylated using commercially available 
rea gen ts (Pierce. Rock ford , ML). Com pet i r ion stud ies u si ng 
2* unlabeled monoclonal antibodies and biotinylated mono- 
clonal antibodies can be performed using flow cytometry as 
described above. Biotinyhued monoclonal antibody binding 
can be delected with a sirep-avidin -alkaline phosphatase 
probe. 

M > To determine the isotype of purified ami bodies, isotype 
BUS As can be performed. Wells of microliter plates can be 
coated w i th 1 0 ug/m 1 of ant i - h uma u lg overnight a 1 4 <! C . A fie r 
blocking with 5% BSA. the plates are reacted with .10 pg/ml 
of monoclonal antibodies or pari tied isotype controls, at 
ambient temperature for two hours. The wells can then be 
reacted with either human IgG I or human IgM-speeifk alka- 
line phosphatase-conjuguted probes. After washing, the 
plates are developed with pNPP substrate (I mg/ml). and 
analyzed at OD of 405-650. 

40 Aji ti -dendritic cell human IgGs can be further tested for 
reactivity with dendritic eel Is by western blotting. Briefly, eel 1 
extracts from dendritic cells can be prepared and subjected to 
sodium dodeeyl sulfate (SDS) potyacrylamide gel* electro- 
phoresis. After electrophoresis, the separated antigens will be 

45 transferred to nitrocellulose membranes, blocked with 20% 
mouse serum, and probed with the monoclonal antibodies to 
be tested. Human IgG binding can be detected using ami- 
human IgG alkaline phosphatase and developed with BOP/ 
NBT substrate tablets (Siuma Chem. Co.. St. Louis. Mo.). 

50 

Phagocytic and Ceil Killing Activities of Human Monoclonal 
Antibodies to Dendritic Cells 

In addition to binding specifically to dendritic cells, human 
monoclonal anti-dendritic cell antibodies can be tested for 

55 their ability to mediate phagocytosis and killing of dendritic 
cells. The testing of monoclonal antibody activity in vitro can 
provide an initial screening prior to testing in vivo models. 
Briefly, polymorphonuclear cells (PMN). or other effector 
cells, from healthy donors can be purified by Ficoll Mypoquc 

to density centrifugal ion. followed by lysis of contaminating 
erythrocytes.. Washed P.MNs. can be suspended in RPMI 
supplemented with 10% heat-inactivated fetal calf scrum and 
mixed with s, Cr labeled dendritic cells, at various ratios of 
e fl'ecto r eel Is to dendri t tc eel 1 s (e f Feet or ce 1 1 s: dendri tic eel Is) . 

*S Purified human an ti -dendritic cell IgGs can then be added at 
various concentrations. Irrelevant human IgG can be used as 
negative control. Assays can be carried out for 0- 1 20 minutes 
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cu 3 7 a C . Sa n m 1 cs c a n b e assa yet 1 lb r cyt o I ys is by jn ea sti ri ng 
;;i Cr release into (he culture supernatant. Anti-dendritic ceil 
monoclonal eun also be tested in combinations with each 
other to determine whether cytolysis is enhanced with mul- 
tiple monoclonal antibodies. 

Human monoclonal antibodies which bind to dendritic 
cells also can be tested in an in vivo model (e.g., in mice) to 
determine their elltcacy in mediating phagocytosis and kill- 
ing of dendritic cells. These ami bodies can be selected, .for 
example, based on the following criteria, which are not 
intended to be exclusive: 

1 :) binding to live dendritic cells: 

2. ) high affinity of binding to dendritic cells: 

3. ) binding to a unique epitope on dendritic cells (to elimi- 
nate the possibility that monoclonal antibodies with compli- 
mentary activities when used in combination would compete 
tor binding to the same epitope): 

4 . ) o pso niza t i o n o f de n dri t ic ce 1 1 s : 

5. ) mediation of growth inhibition, phagocytosis ami/or 
killing of dendritic cells in the presence of human effector 
cells: " 

6. ) internal i?m ion alter binding to dendritic cells: 

7. ) binding to dendritic cells in situ (e.g., in human tissues): 

8. ) activation of dendritic cells (e.g.. induce cytokine 
release, expression of imnumomodulatory surface molecules 
(e.gXDSO (W7. 1 ). CD86 ( 137.2). CO40. and CD54 (ICAM)); 

9. ) binding to I lie human man nose receptor on dendritic 
cells: and 

10. ) binding to a dendritic cell antigen which is conserved 
among primates. 

Preferred human monoclonal antibodies of the invention 
meet one or more, and preferably all, of these criteria. .In a 
particularembodiniem, the human monoclonal antibodies are 
used in combination, e.g.. as a pharmaceutical composition 
comprising two or more ami -dendritic cell monoclonal anti- 
bodies or fragments thereof For example, human anti -den- 
dritic cell monoclonal antibodies having different, but 
complementary activities can be combined in a single therapy 
to ac h i eve a de s i red t hera pet i t t c o r d i a g nos t i c e f fee ! . A n i 1 1 us - 
t ration of this would be a composition containing an ami- 
dendritic cell human monoclonal antibody that is rapidly 
internalized by dendritic cells, combined with another human 
anti-dendritic cell monoclonal antibody that induces antigen 
presenting cell activities of dendritic cells, e.g., release of 
imrminosiimulatory cytokines. 

1.1. Production of Transgenic Nonhuman Animals 
which Generate Human Monoclonal Anti-Dendritic 
Cell Antibodies 

In yet another aspect, the invention provides transgenic 
non- human animal, e.g.. a transgenic mice, which are capable 
of expressing human monoclonal antibodies that specifically 
bind to dendritic cells, preferably with high atTinity. In a 
preferred embodiment, the transgenic non-human animals, 
e.g., the transgenic mice (I luMab mice), havca genome com- 
prising a human heavy chain trans gene and a light chain 
transgene. In one embodiment, the transgciue non-human 
animals, e.g.. the transgenic mice, have been immunized with 
a purified or enriched preparation of dendritic cells and/or a 
dendritic cell lysate, Preferably, the transgenic non -human 
animals, e.g. the transgenic mice, are capable of producing 
multiple isotypes of human monoclonal antibodies to den- 
dritic cells (e.g.. IgG. IgA and/ or IgK) by undergoing V-D-.l 
recombination and i so type switching. 1 so type switching may 
occur by, e.g.. classical or non-classical isotype switching. 
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The design of a transgenic non -human animal that 
responds to foreign antigen stimulation with a heterologous 
antibody repertoire, requires that the heterologous immuno- 
globulin trans-genes contain within the transgenic animal 

5 timet ion correct ly throughout the pathway o f B-eell develop- 
ment. In a preferred embodiment, correct function of a het- 
erologous heavy chain transgene includes isotype switching. 
Accordingly, the transgenes of the invention are constructed 
so as to produce isotype switching and one or more of the 

i o lb I low] ng : ( I ) h igh level a nd eel I -1 y pe sped l ie express i on, (2 ) 
functional gene rearrangement, (3)acrivaiion of and response 
to allelic exclusion. (4) expression of a sufficient primary 
repertoire. (5) signal transduction. (6) somatic hypermuta- 
tion, and (7) domination of the transgene antibody locus 

i j d t tri ng the i in m une res po use. 

Not all of the foregoing criteria need be .met. For example, 
i n 1 hose em bod i i nen t s wl i ere i n l he end oge no us im.m u n oglo - 
bulin loci of the transgenic animal are functionally disrupted, 
t tie t ra n sgene n eed no t act i va te a 1 1 c 1 i c exc 1 us ion . F u rt h er. in 

20 t ho se en t hod i me n t s wh erei n the 1 ra n sge ne c< imp ri ses n fu n c - 
tionally rearranged heavy and/or light chain immunoglobulin 
gene, the second criteria of functional gene rearrangement is 
unnecessary, at least for that transgene which is already rear- 
ranged. For background on molecular immunology, see. Fun- 

1 > (lamer: to I hum two logy. 2 nd e< 1 it ion ( 1 9 8 9 } . 1 *a u I William £ . , 
ed. Raven Press. N.Y,. which is incorporated herein by refer- 
ence. 

In certain embodiments, the transgenic non -human ani- 
mals used to generate the human monoclonal antibodies of 

50 tli e i n ven lion contain rear ra nged . un rea rran gcd or a co m b i - 
nation of rearranged and unrearranged heterologous immu- 
noglobulin heavy and light chain transgenes in the germ line 
of the transgenic animal, l.-ach of the heavy chain transgenes 
comprises: at least one Q, gene. In addition, the heavy chain 

35 transgene ma)* contain functional isotype switch sequences, 
which are capable of supporting isotype switching of a het- 
erologous transgene encoding multiple C„ genes in the 
B-celis of the transgenic animal. Such switch sequences may 
be those which occur naturally in the germ line immunogio- 

40 bulin locus from the species that serves as the source of the 
transgene C u genes, or such switch sequences may be derived 
from those which occur in the species that is to receive the 
transgene construct (the transgenic animal). For example, a 
human transgene construct that is used to produce a trans- 

45 genie mouse may produce a higher frequency of isotype 
switching events if it incorporates switch sequences similar to 
those that occur naturally in the mouse heavy chain locus, as 
presumably the mouse switch sequences are optimized to 
function with the mouse switch recombi nasc eir/,ymc system, 

50 whereas the human switch sequences are not. Switch 
sequences may be isolated and cloned by conventional clon- 
ing methods, or may be synthesized de novo from overlap- 
ping synthetic oligonucleotides designed on the basis of pub- 
lished sequence information relating to immunoglobulin 

55 switch region sequences (Mills et al,. AW. Acids Rvs. 
15:7305-7316 (1991); Sideras et al.. Iml Immunol 1:631- 
642 (1989). which are incorporated herein by reference). For 
each of the foregoing transgenic animals, functionally rear- 
ranged heterologous heavy and light chain immunoglobulin 

60 transgenes are found in a significant fraction of the B-cells of 
the transgenic animal (at least 10 percent). 

The transgenes used to generate the transgenic animals of 
the invention include a heavy chain transgene comprising 
UNA encoding at least one variable gene segment, one diver- 

fl$ si ty gene segment, one joining gene segment and at least one 
constant region gene segment. The immunoglobulin light 
chain transgene comprises DNA encoding at least one van- 
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able gene segment', one joining gene segment and at least one 
constant region gene segment. The gene segments encoding 
the light and heavy chain gene segments are heterologous to 
the transgenic non -human animal in that they are derived 
from, or correspond to, DNA encoding imnumoglohulin 
heavy and light chain gene segments from a species not 
consisting of the transgenic non- human animal. In one as peel 
of the invention, the transgene is constructed such that the 
individual gene segments are unrenrnmged. i.e., not rear- 
ranged so as to encode a Functional immunoglobulin light or 
heavy chain. Such imrearranged transgenes support recom- 
bination of the V. D. and J gene segments (functional rear- 
rangement) and preferably support incorporation of all or a 
portion of a D region gene segment in the resultant rearranged 
immunoglobulin heavy chain within the transgenic non -hu- 
man animal when exposed to dendritic cells. 

In an alternate embodiment, the transgenes comprise an 
un rearranged "mini-locus". Such transgenes typically com- 
prise a substantial portion of the C !..). and J segments as well 
as a subset of the V gene segment s. In such transgene con- 
structs, the various regulatory sequences, e.g. promoters, 
enhancers, class switch regions, splice-donor and spi ice-ac- 
ceptor- sequences for RNA processing, recombination signals 
and the like, comprise correspond ing sequences derived from 
the heterologous DNA. Such regulatory sequences muy be 
incorporated into the transgene from the same or a related 
species of the non-human animal used in the invention. For 
example, human iinmunoglobutin gene segments may he 
combined in a transgene with a rodent immunoglobulin 
enhancer sequence for use in a transgenic mouse. Alterna- 
tively, synthetic regulatory sequences may he incorporated 
into the transgene. wherein such synthetic regulatory 
sequences are not homologous to a functional DNA sequence 
that is known to occur naturally in die genomes of mammals. 
Synthetic regulatory sequences arc designed according to 
consensus rules, such as, for example, those specifying ihe 
permissible sequences of a splice -acceptor sue or a promoter/ 
enhancer motif. For example, a minilocus comprises a portion 
of the genomic immunoglobulin locus having at least one 
internal (i.e., not at a terminus of the portion ) deletion of a 
non-essential DN A portion (e.g. intervening sequence; intra n 
or portion thereof) as compared to the naiundly-occurring 
germ line Ig locus. 

In n preferred embodiment of tiichivention. the transgenic 
animal used to generate human antibodies to dendritic cells 
contains at least one, typically 2-10. and sometimes 25-50 or 
more copies of the transgene described in Example 1 2 of WO 
98/248*4 (e.g.. pi Id or pi iC2) bred with ail animal contain* 
ing a single copy of a light chain transgene described in 
Examples 5. 6. 8. or 14 of WO <>8te4884.\md the oflspring 
bred with the l J} deleted animal described in Example 10 of 
WO 98/24884. the contents of which are hereby expressly 
incorporated by reference. Animals are bred to homozygosity 
for each of these three traits. Such animals have the following 
genotype; a single copy (per haploitt set of chromosomes) of 
a human heavy chain imrearranged mini -locus (described in 
Example 1 2 of WO 98/24884). a single copy (per haploid set 
of chrt.imosomes) of a rearranged human K light chain con- 
struct (described in ExampkTl4 of WO 98/24884), and a 
deletion at each endogenous mouse heavy chain locus that 
removes all of the functional J y/ segments (described in 
Example 10 of WO 98/24884 }. Such animals arc bred with 
mice that are homozygous for the deletion of the } H segments 
(Examples lOof WO 98/24884) to produce olTspr ing That are 
homozygous for the deletion and hemi/ygous for the 
human heavy and light chain constructs. Hie resultant ani- 
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ma Is are injected with antigens and used lor production of 
human monoclonal antibodies against these antigens. 

B cells isolated from such an animal are monospecific with 
regard to the human heavy and light chains because they 

5 contain only a single copy of each gene. Furthermore, they 
will be monospecific with regards to human or mouse heavy 
chains because both endogenous mouse heavy chain gene 
copies are nonfunctional by virtue of the deletion spanning 
the S H region introduced as described in Example 9 and 12 of 

to WO 98/24884. Furthermore, a substantial fraction of the B 
eel is will be monospecific with regards to the human or 
mouse light chains because expression of ihe single copy of 
the rearranged human k light chain gene wilt allelically and 
isotypics Hy exclude the rearrangement of the endogenous 

is mouse k and lambda chain genes in a significant fraction of 
B-celis. 

The transgenic mouse of the preferred embodiment will 
ex h i b i t im n * u nog 1 ob u li j * produ et i oi i w i th a s ign i f i can t reper- 
toirc. ideally substantially similar to dial of a native mouse. 

-<> Thus, for example, in embodiments where the endogenous Ig 
genes have been inactivated, the total immunoglobulin levels 
will range from about 0.1 to 10 mg/ml oi' serum, preferably 
0.5 to 5 mg/ml ideally at least about 1.0 mg/mi. When a 
transgene capable of ejecting a switch to igG from IgM has 
been introduced into the transgenic mouse, the adult mouse 
ratio of scrum IgG to IgM is preferably about 10: 3 . The IgG 
to IgM ratio will be much lower in the immature mouse. In 
general, greaicr than about 10%. preferably 40 to 80% of the 
spleen and lymph node B cells express exclusively 'human 

30 IgG protein. 

The repertoire will ideally approximate that shown in a 
non-transgenic mouse, usually at least about 10% as high, 
preferably 25 to 50% or more. Generally, at least about a 
thousand different immunoglobulins (ideally IgG), prefer- 

35 ably 1 if to 1 0° or more, will be produced, depending prima- 
rily on the number of difierem V, J and D regions introduced 
into the mouse genome. These immunoglobulins will typi- 
cally recognize about one-half or more of highly antigenic 
proteins, e.g., dendritic cell proteins. Typically, the tmmuno- 

40 globulins wi II exhibit an affinity for preselected antigens of at 
least about H) 7 rvr\ preferably at least about JO^M" 1 . more 
preferably ai least about JO^iVr. 10 M M" E . 10 U M™\ or 
greater e.g , .- up to 1 0 ! *' M~ i or grca t er. 

In some embodiments, it may be preferable to generate 

45 mice with predetermined repertoires to limit the selection of 
V genes represented in the antibody response to a predeter- 
mined antigen type. A heavy chain transgene having a prede- 
termined repertoire may comprise, for example, human VH 
genes which are preferentially used in antibody responses to 

50 the predetermined antigen type in humans. Alternatively, 
some VH genes may be excluded from a defined repertoire for 
various reasons (e.g.. have a low likelihood of encoding high 
affinity V regions for the predetermined antigen; have a low 
propensity to undergo somatic mutation and allinily sharpen - 

55 ing; or are immunogenic to certain humans). Thus, prior to 
rearrangement of a transgene containing various heavy or 
light chain gene segments, such gene segments may be 
readily identified, e.g. by hybridization or DNA sequencing, 
as being .from a species of organism other than the transgenic 

60 animal. 

The transgenic mice of the present invention can be immu- 
nised with a purified or enriched preparation of dendritic eel Is 
and/or a dendritic cells tysate as described previously. The 
mice will produce B cells which undergo class -switch ing via 
tf$ imratransgenc switch recombination (cis-switching) and 
express immunoglobulins reactive with dendritic cells. The 
immunoglobulins can be human sequence antibodies. 
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wherein the heavy and liuht chain polypeptides arc encoded 
by human transgene sequences, which may include 
sequences derived by somatic mutation and V* region reeom- 
binatorial joints, as well as germline-encoded sequences; 
t hese ho ma n seq uence i mm unoglobu I ins ea n he referred i o a s s 
being substantially identical to a polypeptide, sequence 
encoded by a human V ; A or V /y gene segment and a Inn nan J, 
or J, segment, even though other non -germ line sequences 
may be present as a result of somatic mutation and deferential 
V-J and V-D-J recombination joints. With respect to such to 
human sequence antibodies, the variable regions of each 
chain are typically yj least 80 percent encoded by human 
germline V. J. and. in (he case of heavy chains. D. gene 
segments; frequently at least 85 percent of the variable 
regions are encoded by human germ! i tic sequences present on 1 5 
the transgene: often 90 or 95 percent or more ofthe variable 
region sequences are encoded by human germline sequences 
present on the transgene. However, since non -germ line 
sequences are introduced by somatic mutation and VJ and 
YD) joining, the human sequence antibodies will frequently 20 
have some variable region sequences (and less frequently 
constant region sequences) which are not encoded by human 
V. 1). or J gene segments as (bund in the human transgenc(s) 
in the germline of the mice. Typically, such ixui-germiine 
sequences (or individual nucleotide positions) will cluster in "5 
or near CDKs, or in regions where somatic mutations are 
known to cluster. 

The human sequence antibodies which bind to ihe prede- 
termined antigen can result faun isotype switching, such that 
human antibodies comprising a human sequence y chain ,*o 
(such as y I . >'2a, y2B. or y.V) and a human sequence I ight chain 
(such as K.) are produced. Such isotype-s witched human 
sequence antibodies often contain one or more somatic muta- 
tion^), typically in the variable region and often in or within 
about 1 0 residues o fa CI )R ) as a result o fa ffin i iv maturation :»5 
and selection of B cells by antigen, particularly subsequent to 
secondary (or subsequent) antigen challenge. These high 
a (Unity human sequence antibodies may have binding affini- 
ties of ai least 1 x 1 (f M™ 1 . typically at least 5x10* M~ \ fre- 
quently more than 1x10 M - i . and sometimes 5x10 10 M" ! 10 40 
lxI0 n M" 1 or greater. 

Another aspect of the invention pertains to the B ceils from 
such mice which can be used to generate hybridonuts express- 
ing human monoclonal antibodies w hich bind with high affin- 
ity (e.g.. greater (ban 2xlO v M" 1 ) to dendritic cells. Tints, in .15 
another embodiment ofthe invention, these hybridomas are 
used to generate a composition comprising an immunoglo- 
bulin having an ailinity constant (Ka)ofat least 2x 1 ()■' M~* for 
binding dendritic cells, wherein said immunoglobulin com- 
prises: 50 

a human sequence, light chain composed oft i )a light chain 
variable region having a polypeptide sequence which is sub- 
stantially identical to a polypeptide sequence encoded by a 
human V, gene segment and a human J A segment, and (2) a 
light chain constant region having a polypeptide sequence 55 
which ts substantially identical to a polypeptide sequence 
encoded by a human 0, gene segment; and 

a human sequence heavy chain composed of a 0) a heavy- 
chain variable region having a polypeptide sequence which is 
substani ially identical to a polypeptide sequence encoded by 60 
a human V /y gene segment, optionally a D region, and a 
human J,/ segment, and (2) a constant region having a 
polypeptide sequence which is substantially identical to a 
polypeptide sequence encoded by a Inn nan C y/ gene segment. 

The development of high affinity human monoclonal ami- 
bodies against dendritic cells is facilitated by a method for 
expanding the repertoire of human variable region gene seg- 



ments in a transgenic mouse having a genome comprising an 
integrated human immunoglobulin transgene, said method 
comprising introducing into the genome a V gene transgene 
comprising V region gene segments which are not present in 
said integrated human immunoglobulin transgene. Often, the 

V region transgene is a yeast artificial chromosome compris- 
ing a portion of a human V,, or V L (V' A .) gene segment array, 
as may naturally occur in a human genome or as may be 
spliced together separately by recombinant methods, which 
may include out-of-order or omitted V gene segments. Often 
at least five or more functional V gene segments are contained 
on the YAC. in this variation, it is possible to make a trans- 
genic mouse produced by the V repertoire expansion method, 
wherein the mouse expresses an immunoglobulin chain com- 
prising a variable region sequence encoded by a V region gene 
segment present on the V region transgene and a C region 
encoded on the human Ig transgene. By means of the V 
repertoire expansion method, transgenic mice having at least 
5 distinct V genes can be generated: as can mice containing ui 
least about 24 V genes or more. Some V gene segments may 
be non* functional (e.g.. pseudogencs and the like): these seg- 
ments may be retained or may be selectively deleted by 
recombinant methods available to the skilled artisan, if 
desired. 

Once the mouse germline has been engineered to contain a 
functional YAC having an expanded V segment repertoire, 
substantially not present in the human Ig transgene contain- 
ing the J and C gene segments, the trait can be propagated and 
b red i n t o 0 1 h e r ge net i c ba ckg rou nd s . i nc 1 ud i ng back groimds 
where the functional YAC having an expanded V segment 
repertoire is bred into a mouse germline having a di liferent 
human lu transgene. Multiple functional YACs having an 
expanded V segment repertoire may be bred into a germl ine to 
work with a human Ig transgene (or multiple human Ig trans- 
genes). Although referred to herein as YAC transgenes, such 
transgenics when integrated into the genome may substan- 
tially hick yeast sequences, such as sequences required tor 
autonomous replication in yeast: such sequences may option- 
ally be removed by genetic engineering (e.g.. restriction 
digestion and pulsed -lie kl gel electrophoresis or other suit- 
able method) after replication in yeast in no longer necessary 
(i.e.. prior to introduction into u mouse l.tS cell or mouse 
prozygotc); Methods of propagating the trait of human 
sequence immunoglobulin expression, include breeding a 
transgenic mouse having the human Ig transgcne(s), and 
optionally also having a functional YAC having an expanded 

V segment repertoire. Both V ;/ and V, gene segments may be 
pr^scm on the YAC. The transgenic mouse may be bred into 
any background desired by the practitioner, including back- 
grounds harboring other human transgenes, including human 
Ig transgenes and/or transgenes encoding other human lym- 
phocyte proteins. The invention also provides a high ailinity 
human sequence immunoglobulin produced by a transgenic, 
mouse having an expanded V region repertoire YAC trans- 
gene. Although the foregoing describes a preferred embodi- 
ment ofthe transgenic animal ofthe invention, other embodi- 
ments are contemplated which have been classified in four 
categories: 

1. Transgenic animals containing an unrenrranged heavy 
and rearranged light immunoglobulin transgene: 

If Transgenic animals containing an unrearnmged heavy 
and un rearranged light immunoglobulin transgene; 

III. Transgenic animal containing rearranged heavy and an 
unrearranged light immunoglobulin transgene: and 

IV* Transgenic animals containing rearranged heavy and 
rearranged light immunoglobulin transgenes. 
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Of these categories of transgenic animal, the preferred 
order of preference is as follows il>l>HI>l.V where the 
endogenous light chain genes (or *u least the K gene) have 
been knocked out by homologous recombination (or other 
method) and I>I1>III>IV where the endogenous light chain 5 
genes have not been knocked out and must be dominated by 
allelic exclusion . 

ill. BispeeiJiei Multispeciiie Molecules which Bind 

to DendriticCelLs ^ 

I n yet a no i her cm bod t men t o f the i live nt i o n. h u mnn mo no - 
clonal antibodies to dendritic cells, or antigen -binding por- 
tions thereof, can be derivatized or linketl to another func- 
tional molecule, e.g.. another peptide or protein {e.g., an Fab' 
fragment) to generate a bis pec i fie or multispecifie molecule 
which binds to multiple binding sites or target epitopes, for 
example, an antibody or antigen -binding portion of the inven- 
tion cm be functionally linked (e.g.. by chemical coupling, 
genetic fusion, noncovaJent association or otherwise) to one 
or more other binding molecules, such as another antibody, 
antibody fragment, peptide or binding mimetic. 

Accordingly, the present invention includes b specific and 
multispecifie molecules comprising at teas) one Srst binding 
specificity for dendritic cells and a second binding specificity 
for a second target epitope. In a prolerred embodiment of the 
invent ion, the second target epitope is an antigen 'on a target 
cell. e.g. a tumor cell antigen, a microbial antigen, a viral 
antigen* or an autoantigen. These bispecifie and nuiltispcctfic 
molecules target dendritic cells to target cells such that rite 
dendritic cells can modulate an immune response against 
such a target cell or target cell antigen. 

In another embodiment of the invention, the second target 
epitope is an Fc receptor, e.g., human FcyRl (CD64) or a 35 
human Feu receptor (CDH9). There fore, the invention 
includes bispeciltc and multispeciiie molecules capable of 
binding both to Fey R, FeuR or Fc€l< ex pressing effector cells 
(e.g., monocytes, macrophages or polymorphonuclear cells 
(PMNs)), and to dendritic cells. These bispccilk and mutti- 40 
specific molecules target dendritic cells to effector cells and, 
like the human monoclonal antibodies of the invention, may 
trigger Fc receptor-mediated effector coll activities, such as 
phagocytosis of dendritic cells, antibody dependent cell-me- 
diated cytotoxicity (A I.XX ). cytoki ne release, or generation 4s 
of superoxide anion 

Rispecsficand multispeciiie molecules of the invention can 
further include a third binding specificity, in addition to an 
anti-Fc binding specificity or an anti-target cell antigen, and 
an ami -dendritic cell bi riding speei fie ity , I n one cm bod imenu 50 
the third binding specificity is an ami-enhancement factor 
(FT ) portion, e.g., u molecule which binds to a surface protein 
involved in cytotoxic activity and thereby increases the 
immune response against the target cell. The "anti-enhance- 
ment factor portion" can be an antibody, functional antibody 55 
fragment or a Itgnnd that binds to a given molecule, e.g., an 
antigen or a receptor, and thereby results in an enhancement 
of the effect of the binding determinants for the F t . receptor, 
target cell antigen or dendritic cell. The "anti-enhancement 
factor portion" can bind an F _ receptor, targei cell antigen, or eo 
dendritic cell. Alternatively, the ami -enhancement factor por- 
tion can bind to an entity tluit is different from the entity to 
which the first and second binding speei licit ies bind. For 
example, the anti-enhancement factor portion can bind a 
cytotoxic T-ceil (e.g. via CD2. CD3. CDS. CD2S. CIX 65 
CD40. ICAM-1) or other immune cell that results in an 
increased immune response against the target cell. 



In one embodiment, the bispeci fk and mnltispecitic mol- 
ecules of the invention comprise as a binding speei lie ity at 
least one antibody, or an antibody fragment thereof, includ- 
ing, e.g.. an Fab, Fab*. F(ab'),, Fv. or a single chain Fv. The 
antibody may also be a light chain or heavy chain dimer. or 
any minima! fragment thereof such as a Fv or a single chain 
construct as described m Laduer et al. U.S. Pat, No. 4.946, 
778. issued Aug. 7. 1990. the contents of which is expressly 
incorporated by reference. 

1 n one embodiment . bispeciltc and multispeciiie molecules 
of the invention comprise a binding specificity for an antigen 
on a target cell. e.g. a tumor cell antigen, a microbial antigen, 
a viral antigen or an autoantigen, and a second binding speci- 
ficity for dendritic cells. 

In another embodiment bispeciltc and multispecilic mol- 
ecules of the invention comprise a binding specificity for an 
FcyR or an FcuR present on die stir lace of an effector cell, and 
a seeon d b indii tg specif ic i ty for d end ri t i c eel I s . 

In one embodiment, the binding specificity for an Fc recep- 
tor is provided by a human monoclonal antibody, the binding 
of which is not blocked by human immunoglobulin G (IgG. 
As used herein, the term "fgG receptor " refers to any of the 
eight y-chain genes located on chromosome I . These genes 
encode a total of twelve transmembrane or soluble receptor 
i so forms which arc grouped into three Fey receptor classes: 
FcyRi «T>64) ; FeyRU(CD32X and FeyRIll (CI.) 16). In one 
prelerrcd em bod i men t. the lev receptor a human high affinity 
FcyRT 'the human FcyRl is a 72 kl)a molecule, which shows 
high affinity ibr monomeric IgG f 10 s - 10* M ! ). 

The production and characterization of these prelerrcd 
monoclonal antibodies are described by Fanger et al. in PCX 
application WO 8S/O0052 and in U.S. Pat. No. 4.954.61 1, the 
teach in gs of which are fully incorporated by reference herein. 
These antibodies hind to an epitope of FcvRF Fey R II or 
Fey R 1 1 1 at a s i t c w h i ch i s d is 1 1 nc t fro 1 n t he Fey b t nd i ng site o f 
the receptor and. thus, their binding is not blocked substan- 
tially by physio logical levels of IgG, Specific ami -FcyR I ami- 
bodies useful in this invention are mAb 22. mAb 32, mAb 44, 
mAb 62 and mAb 1 07, The hybridoma producing mAb 32 is 
available from the American Type Culture Collection. A FCC 
Accession No. H 1394 69. Ami -Fey R I mAb 22. Ftab'K frago- 
meats of mAb 22, and can be obtained from Medarex. inc. 
(Ann an da I e, N . .f . ) . In ot I icr cm hod i me nt s . 1 he as u i ~ I r cy recep - 
tor antibody is a humanized lonn of monoclonal antibody 22 
(H22). The production and characterization of the 1-122 anti- 
body is described in Gmziano. R. F. el af (1995) J. Immunol 
I55'(10); 4996-5002 and PCT/US93/103S4. The 1122 anti- 
body producing cell line was deposited at the American 'type 
Culture Collection on Nov, 4. .1992 under the designation 
UA022C1 ,1 and has the accession no. CRL 11177. 

In still other preferred embodiments, the binding specific- 
ity for an Fe receptor is provided by an antibody that binds to 
a human IgA receptor, e.g., an Fc-alpJta receptor (FcaRI 
(Cl.)89)}. the bi tiding of which is preferably not blocked by 
human immunoglobulin A (IgA). The term "IgA receptor" is 
intended to include the gene product of one a- gene (FcaRI) 
located on chromosome 19. This gene is known to encode 
several alternatively spliced transmembrane isofonnsof 55 to 
1 K) kl )a. FcaRI (CDX9) is const ituiively expressed on mono- 
cytcs/macrophages. eosinophilic and neutrophilic granulo- 
cytes, but not on non -effector ccR populations. F'euRI has 
medium affinity (-ox 1 0 7 M~ 1 ) lor both IgA I and lgA2. which 
is increased upon exposure to cytokines such as G-CSF or 
GM-CSF (Morton. II. C. et al. (1996) Critical Reviews in 
Immunology 16:423-440). Four FcaRI -specific monoclonal 
antibodies, identified as A3. A59. A62 and A77. which bind 
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FeaR I outs id e t he i g A I i ga nd b indi ng do main, hove been cation 1 7 1 .496 , M orri son el al . . E it ropea n Intent Appl icati on 

described (Monteiro. R. C. et ah. 1992. ./. Immunol. 148; 1 73.494: Neu bonier et aL International A ppti cation WO 

1764). ' 86/01533: Cab illy et al. U.S. Pat. No, 4,816,567; Cabiliy et 

FeaR I and FevRl are preferred trigger receptors for use in al. European Patent Application 125,023: Better et al (1 98K 

the invention because they are (!) expressed primarily on 5 Science 240; 104]- 1043); Liu el al (1987) PNAS 84:3439- 

i m mime c fleet f. )r eel Is. e.g.,. monocytes. PM.N s . i naemp hages 3443 ; Lie et al . . 1 9S7 . J . I mi n unol . 1 39:3 5 2 1 -3526; Su n ci a F 

unci dendritic cells; (2) expressed at high levels (e.g., 5.000- (19X7) PN AS 84:2 14-2 IS; NishimunietaL 1987, Cane Res. 

100.000 per cell): (3i mediators o f cytotoxic activities (e.g., 47:999-1005: Wood ei ah (1985) Nature 314:446-449: and 

Ai.X 'C phagocytosis); (4) mediate enhanced antigen presen- Shaw et al.. 1 988. j. Natl .Cancer Inst 80: 1553-1 559). 

m ion o f antigens, ii tc'lud ing sel f-aniigens. targeted io them . to ' f he chimeric ant ibody can be further human ized by repine - 

In other embodiments, bi specific and multispeeitic mol - ing sequences of the Fv variable region winch are not directly 

ecu Ies of the invention further comprise a binding specificity involved in ami gen binding with equivalent sequences from 

which recognizes, e.g.. binds to. dendritic cells e.g., an ami- human Fv variable regions. General reviews of humanized 

gen on a dendritic cell. In a preferred embodiment, the bind- chimeric antibodies are provided by Morrison. S. !.,.. 1985, 

ing spec i lie i ty ts prov ided by a human mo noe lonal ami body i s Science 22 9 : 1 202- 1 207 and by Oi et a L .1 986, Bio Techniques 

of the present invention. 4:214. Those methods include isolating, manipulating, and 

An "effector ceil spec ilk antibody" as used herein relers to expressing the nucleic acid sequences that encode all or pari 

;i n in ni body or functional antibody fragment Uuit binds the Fc of immunoglobulin Fv variable regions from at least one of a 

receptor of effector cells. Preferred antibodies ibr use in the heavy or light chain. Sources of such nucleic acid are well 

subject invention bind the Fc receptor of effector eel Is at a site 20 known to those skilled in the art and, for example, may be 

which is not bound by endogenous immunoglobulin, obtained from 7F3. an ami-OPi^MF, antibody producing 

As used herein, the term "effector celf* refers to an immune hybridoma . The recombinant DMA encoding the chimeric 

ceil which is involved in the eflecior phase of an immune antibody, or. fragment thereof can then be cloned into an 

response, as opposed to the cognitive and activat ion phases of appropriate expression vector. Suitable humanized antihod- 

an immune response. Exemplary immune cells include a ceil ies can alternatively be produced by CDR substitution U.S. 

of a myeloid or lymphoid origin, e.g., lymphocytes (e,g,, B Pat. No. 5.225.539: Jones et af 19S6 Nature 321:552-525: 

cells and J cells including cytolytic T cells (CTLs)}. killer Yerhoeyan et al, 1988 Science 239:1534, and Beidlere! aF 

cells, nautn.il killer cells, macrophages, monocytes, eosino- 1988 J. Immunol. 141:4053-4060. 

phiis, neutrophils, poly morphonuclear cells, granulocytes, AH of the CDKs of a particular human antibody may be 
mast cells, and basophils. S<,me eficcfor cells express specific m replaced with at least a portion of a non-human CDR or only 
Fe receptors and carry out specific immune (unctions, tit someoi'theCDRsmay bereplacexiwitlniou4TunianCDRs. lt 
preferred embodiments, an effector ceil is capable of indue- is only necessary to replace the mini her ofCDRs required for 
ing antibody-dependent cell -mediated cytotoxicity ( Ai.X 'C ?. binding of the humanized antibody to the Fc receptor 
e.g. a neutrophil capable of inducing AlHX. f or example. An « m ibodv can be humanized by anv method, which is 
monocytes, macrophages., which express FcR arc invol ved in >5 eapable of replacina al .least a portion of a CDR of a human 
specific killing of tnrgei cells and presenting antigens toother antibody with a CDR derived tram a non-human antibody, 
components of the immune system, or binding to cells thai Winter describes a method which may be used to prepare the 
present antigens, in other embodiments, ai^ eOeetor cell can humanized antibodies of the present invention (UK Patent 
phagocytose a target antigen, target cell or microorganism. Application OB 2188638A. filed on Mar 26. 1987). the con- 
Hie expression of a particular FeR on an effector cell can be 40 lenB 0 f vvhidl is expressly incorporated by reference. The 
regulated by humoral factors such as cytokines. For example, j. ]Umau CDRs mav be replaced with non-human CDRs usimj 
expression of Fc/Ri has been found to be up- regulated by oligonucleotide site-directed mutagenesis as described in 
interferon gamma (IFN-y). This enhanced expression .International Application WO 94/10332 entitled, 
i ncreases the cytoh »xi c act ivity of Fey R I - bead ng eel I s agai ns t 

targets. An effector cell can phagocytose oHyse a 'target 45 J an ized Am ibod ies to Fe Receptors Ibr Immunoglobulin 

anti&en or a target cell. " ^ <m Human Mononuclear Phagocytes. 

• "Target cell" shall mean any undesirable cell in a subject Also within the scope of the invention are chimeric and 

(e.g. . a human or animal) that can be targeted by a eomposi- humanized antibodies in which specific amino acids liave 

lion (e.g., a human monoclonal antibody, a bispecittc or a been substituted, deleted or added, hi particular, preferred 

multispecilic molecule) of the invention, hi one embodiment, 50 humanized antibodies have amino acid substitutions in the 

the target cell is a dendritic cell In other embodiments, a framework region, such as to improve binding to the ant igen. 

target eel I i nc hides a tumor eel I . a m icrobial pa ihogen . a v irus. For examp I e. i n a h uman i /ed ant ibody hav ing i no use CDRs. 

or a vims infected cell. amino acids located in the human framework region can be 

While human monoclonal antibodies are paTerred. other replaced with the amino acids located at the corresponding 

antibodies which cat) be employed in the bispecific or multi- 55 positions in the mouse antibody. Such substitutions are 

specific molecules of the invention are murine, chimeric and known to improve binding of humanized antibodies to the 

humanized monoclonal antibodies. antigen in some instances. Antibodies in which amino acids 

Chi meric mouse- hu ma n monoc lonal a m i bod ies (i .e,, chi - ha ve been added , de leted. or su bst i tmed are referred to herein 

meric antibodies) can be produced by recombinant DNA as mod tiled antibodies or altered antibodies, 

techniques known in the art. For example, a gene encoding the &o The term modified antibody is also intended to include 

Fc constant region of a murine (or ot her species) monoclonal ant ibodies. such as monoc lonal ant ibodies. chi meric antibod- 

a mi body molecule is digested w-hh restriction enzymes to ies, and humanized ant ibodies which have been modtf ted by. 

remove the region encoding the murine Fc. and the equivalent e.ji.. deleting, adding, or substituting portions of the antibody, 

portion of a gene encoding a human Fc constant region is For example, an antibody can be modified by deleting the 

substituted, (see Robinson et a I.. International Patent l*iibli- 6> constant region and replacing it with a constant region meant 

cation PCT/US86/02269: Akira, et aL I'iuropcan Patent to increase half-life, e.g.. serum half-life, stability or a tfmity 

Application 1 84. 1 87: Taniguchi. M, Furopean Patent Appli- of the antibody. Any modification is within the scope of the 
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invent inn so long as the hispeciik and mtdtispeedic molecule 
has at least one antigen 'binding region specific lb ran I'eyR 
and triggers at least one effector lit net ion. 

BispeclOc and multispecific molecules of the present 
i i ivent ion cn n be made usi ng eherotca I tec hmques (see e. g D. > 
M. Kranz ei al. (1981 ) /W M///. Acad Sci USA 78:5807), 
"polydoma" techniques (See U.S. Pat. No. 4,474.893. to 
Reading), or recombinant I'M A techniques. 

In particular, hispeciik and muhispeciik molecules of the 
present invention can be pre pa reti by conjugating the con- to 
stiuiem binding specificities, e.g., the ami-FcR and anti-den- 
dritic cell binding specificities, using methods known in the 
m and described in the examples provided herein. For 
exam pie. each binding specificity of the bi specific and mul- 
t ispeci lie mo lec u le can be gene ratted sepa ratel y and i hen co i t- i $ 
jugaled to one another. When the binding specificities are 
proteins or peptides, a variety of coupling or cross-linking 
agents can be used for eovalem conjugation, i Samples of 
cross-linking agents include protein A, carbodinnide. N-suc- 
ci nim idy 3 -S -acetyFth ioaeetate (S ATA ). 5.5* -d it hi obi s( 2 - n i - 20 
troben/oic acid) (DTNB), o-phenylencxlimaieimide (oPDM } ? 
N-succinimidyl-3-(2-pyridyldithio)propjonaie (SPDP), and 
sullbsuccinimidyl 4-(N-nialeimidomethyl } eyeluhaxane-l - 
carboxylase (sutlb-SMCC) (see e.g.. Karpovskv ft al. f i 984) 
J. f xp. Med, 160:3686; Liu, M A ei al. (.1085) Natl 
Acad, Sex USA 82:8648), Other methods include those 
described by Paulus (Behring Ins. Mitt (1985) No. 7.8, 118- 
132); Brennan et af (Science (1 985) 229:81 -83). and Glennie 
ei id. (J. Immunol, ( J 987 ) 139: 2367-2375). Preferred conju- 
gal ing agents are SATA and suUb-SMCC both available from 30 
Pierce Chemical Co. (Rock lord. 111.). 

When the binding specific hies are antibodies (e.g.. two 
humanized antibodies), they can be conjugated via sulfhydryl 
bonding of the C-lcrminus hinge regions of the rwo heavy 
chains, in a particularly preferred embodiment, the hinge >5 
region is modified to contain an odd number of sulfhydryl 
residues, preferably one. prior to conjugation. 

Alternatively, both binding specificities can be encoded in 
the same vector and expressed and assembled in the same host 
cell. This method is particularly useful where the bispeeifk 49 
and multispecilk molecule is a mAbxmAb. mAhxFab, Pabx 
Flab'), or ligandxFab fusion protein. A bi spec i lie and rnulti- 
specific molecule of the invention, e.g.. a bispeeHic molecule 
can be a single chain molecule, such as a single chain b ispe- 
ci tic antibody, a single chain bispecific molecule comprising 4S 
one single chain antibody and a binding determinant, or a 
single chain bispecific molecule comprising two binding 
determinants. Bispeeifk and multispeciiic molecules can also 
be single chain molecules or may comprise as least two single 
chain molecules . Methods for prepari ng bi- and mu It is peci 1 k 50 
molecules are described Ibr example in U.S. Pat. No. 5.260. 
203: U.S. Pat, No, 5.455.030: U.S. Pat. No. 4.88U75: U.s! 
Pat. No. 5,132.405: U.S. Pat No. 5.091.513: U.S. Pat. No. 
5.476.786: U.S. Pat. No. 5.0 J 3.653: U.S. Pat. No. 5.258.498: 
and U.S. Pat, No. 5,482,858. . 55 

1 ■> i nt! i ng o f 1 he b is pec i f tc an d mult is pec i I i e mo 1 ec u le s to 
their specific targets can be continued by enzyme-linked 
immunosorbent assay (BUS A), a radioimmunoassay (R1A i. 
PACS analysis, a bioassay (e.g.. growth inhibition), or a West- 
ern Blot Assay. ISach of these assays generally detects the eo 
presence of protein-antibody complexes of pad icular interest 
by em ploying a labeled reagent (e.g.. an antibody) specific for 
the complex of interest. For example, the FcR-amihody com- 
plexes can be detected using e.g., an enzyme- 1 inked antibody 
or antibody I rag meat \vh i c h recog n i zes a j id s pee i H cu I ly hinds < \ 5 
to Iheaniibody-FcR complexes. Alternatively, the complexes 
can be delected using any of a variety of other immunoassays. 
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for example, the antibody can be radkutelively labeled and 
used in a radioimmunoassay (RI A) (see, for example. Wein- 
trauK 11, Principles of Radioimmunoassays, Seventh Train- 
ing Course 011 Radioligand Assay Techniques. 1 lie Endocrine 
Society. March. 1 986. which is incorporated by reference 
herein). The radioactive isotope can be detected by such 
means as the use of a 7 counter or a scintilla (ion con liter or by 
autoradiography. 

IV. A n i i body Con jug a t es/ 1 mm u no to xins 

In another aspect, the present invention features a human 
ami-dendritic cell monoclonal antibody, or a fragment 
thereof conjugated to a therapeutic moiety, such as a cvto- 
toxin, a drug or a radioisotope. When conjugated to a cyto- 
toxic these antibody conjugates are referred to as "immuno- 
toxins/W cytotoxm or cytotoxic agent includes any agent thai 
is detrimental to (e.g.. kills) cells. Examples include taxoT 
cytochalasht B, gramicidin IX et Iridium bromide, emetine, 
mitomycin, etonoside. tenoposide. vincristine, vinblastine, 
colchicin. doxorubicin, daunorubicin. dihydroxy anthracin 
dkme. mitoxantronc, mithramycin. actinomycm I ). 1-dehy- 
drotestosterone. glucocorticoids, procaine, tetracaine, 
{idocaiuc. propranolol, and puromyein and analogs or 
homology thereof Therapeutic agents include, hut are not 
limited to. antimetabolites (e.g.. methotrexate. 6-mercap- 
topurinc. 6-thioguanint\ cytarabinc, 5-ihiorouracil decarba- 
/tue), alkylating agents (e.g.. meehlorethamine. thioepa 
chlorambucil melphalan. eannusf ine (BSNU) and lomustine 
(CCNU). cye.lothospitamide. hugnlfan, dihn>momannkof 
sireptozoiocm, mitomycin C. and cis-dkhlorodiamine plati- 
num (II) (DDP)cisplatin). anihracyclines (e.g. daunombicin 
(formerly daunoniycin) and doxorubicin), antibiotics (e.g., 
dactinomycin (formerly actinomycin). bleomycin, mithra- 
mycin, and anthramyein (AMC)). and anti-mitotic agents 
(e.g., vincristine and vinblastine), An antibody of the present 
invention can be conjugated to a radioisotope, e.g.. radioac- 
tive iodine, to generate cytotoxic radiopharmaceuticals for 
treating a dendritic-related disorder, such as an autoi.mn.ume 
or i n fiammn tory d i sease, or gra \\ ve rsus host d isea sc. 

*lhc antibody conjugates of the invention can be used to 
modify a given biological response, and the drug moiety is not 
to be construed as limited to classical chemical therapeutic 
agents. For example, the drug moiety may be a protein or 
polypeptide possessing a desired biological activity. Such 
proteins may include, for example, an enzymatieally active 
toxin, or active fragment thereof, such as abrln. ricin A ? 
pseudomoiuis exotoxin, or diphtheria toxin: a protein such as 
minor necrosis factor or mterlcron*y; or, biological response 
modilicrs stich as. for example, lymphoid ncs r intcrlcukin-1 
ClL-r), imerleukin-2 ClL-2") r inter!eukm-6 ("iU-6"), 
gmnulocyte macrophage colony stimulating factor (**CfM- 
CSF"). granulocyte colony stimulating factor Oj-CSF*). or 
other growth factors. 

'lechniques for conjugating such therapeutic moiety to 
antibodies are well known, see, e.g., Anion ei al., "Mono- 
clonal Antibodies For Immtmotargeting Ofl!)rugs In Cancer 
Therapy", in Monoclonal Antibodies And Cancer Therapy. 
Rcisfeld ei al. (eds.). pp. 243-56 (Alan R. Liss. Inc. 1985); 
I leilstrom et ah. "Antibodies For Drug Delivery", in Con- 
trolled Drug Delivery (2nd rid.). Robinson et al. (eds ). pp. 
623-53 (Marcel Dekker. Inc. 1987): Thorpe. "Antibody Car- 
riers Of Cytotoxic Agents In Cancer Therapy: A Review*', in 
Monoclonal Antibodies *84: Biological And Clinical Appli- 
cations. Pinchera et al. (cds.). pp. 475-506 (1 985): "Analysis. 
Results. And Future Prospective Off he Therapeutic Use Of 
Radiolabeled Antibody In Cancer Therapy", in Monoclonal 
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Antibodies l or Cancer Detection And Therapy. Baldwin ct al. 
(eds. ). pp. 303-1 6 { Academic Press I 985), and Thorpe ct aL 
"The Preparation And Cytotoxic Properties Of Antibody - 
Toxin Conjugates''. Immunol. Rev,. 62; 1 19-58 (1982), 

In another aspect, hitman antibodies specific for dendritic 
cells can he mvd to directly target whole cells, e.g.. a rumor 
cell, an effector eel! or a microbial pathogen, to dendritic 
cells. A tit i- dendritic cell antibodies or antigen binding frag- 
ments thereof can be directly expressed on the surface of a 
cell, forexampje.by traiisfectionoriransditctionofacell with 
a vector containing nucleic acid sequences encoding a hitman 
dendritic cell-specific antibody of the invention, or antigen 
binding fragment thereof. Tim can be done, for example, by 
transiecting the target cell with a nucleic acid encoding a 
fusion protein containing a transmembrane domain and a 
human ami-dendritic cell antibody, or antigen binding frag- 
ment thereof. Methods for generating such nucleic acids, 
{'union proteins, and cells expressing such fusion proteins are 
described, for example, in U.S. patent application Ser. No. 
09/203.958, incorporated herein in its entirety by this refer- 
ence. Alternatively, ami -dendritic cell antibodies, or antigen 
binding fragments thereof, can be bound to a cell or a patho- 
gen bv the use of chemical linkers, lipid tags, or other related 
methods (dcKruif. J. et al. (2000) Nat M?<L 6:223-227; 
N'i/ard. R et al. (1998) WHS Lett. 433:83-88). Cells with 
surface-anchored ami-dendritic cell antibodies, or an antigen 
binding fragments thereof, may be used to induce specific 
it nit nine responses against the cell e.g.. a tumor cell or micro- 
hm] pathogen. 

V. 1 *ha rmaceui i cal Com post i ions 

in another aspect, the present invention provides therapeu- 
tic com positions, e.g... pharmaceutical coin posit ions, conla in- 
ing one or a combination of human monoclonal antibodies, or 
antigen-binding portion(s) thereof of the present invention, 
fo r m u la ted t oge iher w i t h a p ha rm aceu t i cal I y aecep ta ble c a r- 
rier. Such compositions can additionally include other ihero- 
pen tic reagents, such as other antibodies, cytotoxic or drugs 
(e.g., immunosuppressants), and can be administered a lone or 
in combination with other therapies, such as radiation. 

In o n e em bo d im ent . hu ma n ami- de ml ri I ic eel I mon oc 1 o t u 1 1 
antibodies having complementary activities are used in com- 
bination, e.g.. as a pharmaceutical com post lion, comprising 
two or more human ami -dendritic monoclonal antibodies. For 
example, a human monoclonal antibody that mediates highly 
effective killing of dendritic cells in the presence of effector 
cells can be combined with another human monoclonal anti- 
body that inhibits the growth of dendritic cells. In another 
embodiment, a human monoclonal antibody that is rapidly 
internalized by dendritic cells can be combined with another 
human monoclonal antibody that induces antigen presenting 
cell activities of dendritic cells, e.g., release of tmmunostimu- 
latory cytokines. 

In another embodiment, the composition comprises one or 
a combination of bispeeitte or multispcciftc molecules of the 
invention (e.g.. which contains at least one binding specificity 
for an Pc receptor and at least one binding specificity for 
dendritic cells). 

In yet another embodiment, the composition comprises at 
least one binding specificity for dcndrii ic cells functionally 
linked to another molecular entity, tor example, a cy to toxin, 
or an antigen, e.g.. an antigen on a target cell. 

As used herein, "pharmaceutical ly acceptable carrier" 
includes any and all solvents, dispersion media, coatings, 
antibacterial and antifungal agents, isotonic, and absorption 
delaying agents, and the like that are physiologically compai- 
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iblc. Preferably, the carrier is sift table for intravenous, intra- 
muscular, subcutaneous, parenteral, spinal or epidermal 
administration [cy... by injection or infusion i. Depending on 
the route of administration, the active compound, i.e.. anti- 
5. body, bispeci lie and mult ispecific molecule, may be coated in 
a, material to protect the compound from the action of acids 
and other natural conditions that may inactivate the com- 
pound. 

A "pStannaceuiically acceptable salt" refers to a salt that 

to retains the desi red bio logical act i vity of i he parent compound 
and does not impart any tmdesired toxico logical effects (see 
e.g., Bergc. S. NT, et'aL (197?) J. Pharm. Sci. 66:1-19). 
Examples of such salts include acid addition salts and base 
addition salts. Acid addition salts include those derived from 

15 nontoxic inorganic acids, such as hydrochloric, nitric, phos- 
phoric, sulfuric, hydro bromic. hydroiodic. phosphorous and 
the like, as well as from nontoxic organic acids such as ali- 
phatic mono- and diearboxyJte acids, phenyl -substituted 
alkanoic acids, hydroxy alkanoic acids, aromatic acids, ali- 

20 pha t i c and aromatic su I fo ni c acids and the i ike. Base addition 
salts include those derived from alkaline earth metals, such as 
sodium, potassium, magnesium, calcium and the like, as well 
as from nontoxic organic amines, such m 'N.N J -ditie«zyleth- 
ylenediaminc, N-methylglucamine, chloroprocaine, choline. 

2 5 d iethano lam i i ic. edrylened ia n i i ne. procai no and the I i ke. 

A compos ti ton of the present invention can be adminis- 
tered by a variety of methods known in the art. As will be 
appreciated by the skilled artisan, the route and/or mode of 
administration will vary depending upon the desi red results. 

30 The active compounds can be prepared with carriers that will 
protect the compound against rapid release, such as a con- 
trolled release formulation, including implants, transdermal 
patches, and microencapsulated delivery systems. Biode- 
gradable, biocompatible polymers can be used, such as eth- 

35 yiene vinyl acetate, polyanhydrides. poly'gly colic acid, col- 
lagen, polyorthoestcrs. and poly lac tic acid. Many methods 
tor the preparation of such formulations arc patented or gen- 
erally known to those skilled in the art. See, e.g.. $n$ktnwit 
and ConmlkdMeasv Dnt% Ddiverv Systems. J. R. Robin- 

40 son, ed.. Marcel Dckker. Inc., New York. 1978: 

lo administer a compound of the invention by certain 
routes of administration, it may be necessary to coat the 
compound w ith, or co-administer the compound with, a mate- 
rial to prevent its i motivation, for example, the compound 

45 may be admin i sterecl to a subjec t i n an appropriate carrier, for 
example, liposomes, or a diluent. Pharmnceutieally accept- 
able diluents include saline and aqueous butter so I tit ions. 
Liposomes include waier-in-osl- in -water CGF emulsions as 
well as conventional liposomes (Starjan el al. (1984)7. Nen~ 

50 roimmtmoL 7:27). 

Pharmaceutically acceptable carriers include sterile aque- 
ous solutions or dispersions and sterile powders for the 
ex tern porn neous pre pa ra t i on o f st e ri 1 e i nj cot a b 1 e so I u t io its o r 
dispersion. "Hie use of such media and agents for phnrmaccu- 

55 t i cal I y act ive substa nces is known in the art . Except insofar as 
any conventional media or agent is ineompaiible with the 
active compound, use thereof in the pharmaceutical compo- 
sitions of the invention is contemplated. Supplementary 
active compounds can also be incorporated into the compo- 

60 sitions. 

Therapeutic compositions typically must be sterile and 
stable under the conditions of manufacture and storage. The 
composition can bv' lbrmulated as a solution, microcmulsion. 
liposome, or other ordered structure suitable to high drug 
65 concentration. The carrier can be a solvent or dispersion 
medium containing, for example, water, etna no!, polyol (for 
example, glycerol, propylene glycol, and liquid polyethylene. 
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glycol, and the like), ami suitable mixtures thereof The about ninety-nine percent of active ingredient, preferably 

proper fluidity can be maintained, for example, by the use of from about 0. 1 pereem to about 70 percent, most preferably 

a coat ing s uc has! cc i i h i it by t he mni ntena nee o f I he requ i red from about 1 percent to about 3 0 percent . 

particle sr/e in the case of dispersion and by the use of sur- l-ommtmions of the present invention which are suitable 

lactams. In many cases, it will he preferable to include iso- 5 lor vaginal admi nisi ration also include pessaries, tampons, 

tonic agents, for example, sugars, poJyalcohols such as man- creams, gels, pastes, foams or spray formulations containing* 

n it of , sorhi to) . or so<i i urn eb loride in t he com post t ton . such ca me rs as «re known in the a n to be appropri ate. Dosa ge 

Prolonged absorption of the injectable compositions can be forms for the topical or transdermal administration of com- 

brought about by including in the composition an agent thai positions of this invention include powders, sprays, oim- 

delays absorption, for example, mo nos tea rate salts and gcla- to ments, pastes, creams, lotions, gels, solutions, patches and 

tin. inhalants. The active compound may be mixed under sterile 

SttTi le injectable so! irt ions cim be prepajred by incorporate conditions with a pharmaceutical ly acceptable carrier, and 

ing the active compound in the required amount in an appro- with any preservatives, butters, or propetlairls which may be 

print e sol vent w i t h o no or a eombi nat i o n o fi ngred icitt s en u - rcq ui red . 

merated above, as required, followed by sterilization 15 The phrases "parenteral administration** and "adminis- 

mierohltrattoit Generally, dispersions are prepared by incor- tered parenteral!}" as used herein means modes of admin is- 

ponitmg the active compound into a sterile vehicle that con- nation other than enteral and topical administration, usually 

tains a basic dispersion medium and the required other ingre- by injection, and includes, without HmtUiticit intravenous, 

dients from those enumerated above. In the case of sterile intramuscular. intraarterial, intrathecal, intracapsular, 

powders for the preparation of sterile injectable solutions, the 20 intraorbital, intracardiac, intradermal intraperitoneal, iran- 

pref erred methods of preparation are vacuum drying and stracheal. subcutaneous, subcuticular, intraarticular, subcap- 

free^e-ihying (lyophi ligation) that yield a powder of the sular. subarachnoid, intraspinal epidural and hitrastemal 

act ive i ngred i ent p ! us any addi t ioiial desired i ngredicn t front i njeetion and in fusion. 

a previously sterile -filtered solution thereof Examples of suitable aqueous and nonaqueous carriers 

Dosage regimens are adjusted to provide the optimum 2$ which may he employed in the pharmaceutical compositions 

desired response (e.g., a therapeutic response). for example. of the invention include water, ethnno'L polyols (such as give- 

a single bolus may be administered, several divided doses erof pro pylcne glycol, polyethylene glycol, and the l ike), a nd 

may be administered over time or the dose may be propor- suitable mixtures thereof vegetable oils, such as olive oil. and 

tioiiallyreclucetk(r increased as indicated by the exigencies of injectable organic esters, such as ethyl oleate. Proper fluidity 

the therapeutic situation, h is especially advantageous to lor- can i>e maintai ned, for example, by the use of coating maie- 

mulate parenteral compositions in dosage unit form for ease rials, such as lecithin, by the maintenance of fhe required 

of administration and ttniformiiyoidosage. Dosage unit form particle size in the case of dispersions, and by the use of 

ras used herein refers to physically discrete units suited as surfactants. 

unitary dosages for the subjects to be treated: each unit con- These compositions may also contain adjuvants such as 

tains a prede tennineckjuanlity of act ive compound calculated :>5 p reset va lives, welting agents, emulsifying agents and dis- 

to produce lite desired therapeutic effect in association with parsing agents. Prevention of presence of microorganisms 

the required pharmaceutical carrier. The spec ificm ion for the may be ensured both by sterilization procedures, supra, ami 

dosage unit forms of the invention are dicta text by and directly by the inclusion of various antibacterial and antifungal 

dependent on (a) the unique characteristics of the active com- agents, for example, parabett ehlorobmanof phenol sorbic 

pound and the particular merapeutic effect to be achieved, and 49 acid, and the like, ft may also he desirable to include isotonic 

(h) the limitations inherent in the an of compounding'such an agents, such as sugars, sodium chloride, and the like into the 

act ive compound for the treatment of sensi t ivi ty in individu- compositions, 1 n addition, prolonged absorption of the inject - 

a Is . able pharmaceutical form may be brought a bou I by the i ne I u - 

Bxamples of phamtacemieally-acceptahle antioxidants sion of agents which delay absorption such as aluminum 

include: (1 ) water so lub !e antioxidants, such as ascorbic ac id. 45 m< mostearate and gelatin . 

cysteine hydrochloride, sodium bisulfate. sodium met- When fhe compounds of the present invention are admin- 

abisultife, sodium sulfite and the like; (2) oil-soluble antioxi- istered as pharmaceuticals, to humans and animals, they can 

dnnts. such as ascorbyl palmitate. buly luted hydroxyanisole be given alone or as a phannaceutical composition contain- 

(BHA). burylaied hydroxy toluene (Biff), lecithin, propyl ing, for example. 0.01 to 9.9.5% (more preferably. 0. 1 to 90%) 

gal late, ulph^-tocophcrof. and the like: and (3) metal chelat-. 50 of active ingredient in combination with a pharmaceutics I ly 

ing agents, such as citric acid, ethylenediamine tetraacetic acceptable carrier. 

acid (IT) sorbitol, tartaric acid, phosphoric acid, and the Regardless of the route of administration selected, the 

like. compounds of the present invention, which may be used in a 

l : or the therapeutic compositions, formulations of the suitable hydra! cd .form, and/or the pharmaceutical composi- 

present invention include those suitable for oral, nasal, topical 55 lions of the present invent ton, are formulated into pharma- 

(including buccal and sublingual), rectal, vaginal and/or comically acceptable dosage forms by conventional met hods 

parenteral administration. The formulations may conve known to those of skill in the art. 

niently be presented in unit dosage form and may be prepared Actual dosage levels of the active ingredients in the phar- 

by any methods known in the art of pharmacy, 'fhe amount of maeeutical compositions of the present invention may be 

act ive ingredient which can be combi tied with a carrier mate- t>o varied so as to obtain an amount of the active ingredient which 

ria I to produce a si ngl e dosage form will vary de pe ndi ng upon i s e flecti ve to achi eve t he des i red therapei i tic response lb r a 

the subject being treated, and the particular mode of admin- particular patient, composition, and mode of administration, 

istration. 'fhe amount of active ingredient which can be com- without being toxic to the patient. The selected dosage level 

bined with a carrier materia I to produce a sing le dosage form will depend upon a variety of pharmacoki net ic factors i nc lud- 

will generally Ik* that amount of the composition which pro- 6< ing the activity of the particular compositions of the present 

duces a therapeutic elfect. Generally, out of one hundred invention employed, or the ester, salt or amide thereof, the 

percent, this amount will range from about 0.01 percent to route of administration, the time of administration, the rate of 
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excretion of (he particular compound being employed, the 
duration of the treatment, other drugs, compounds and/or 
materials used in combination with the particular composi- 
tions employed, the age. sex. weight, condition, general 
health and prior medical history of the patient being treated, 
and like factors well known in the medical arts. 

A physician or veterinarian having ordinary .skill in the art 
can readily determine and prescribe ihc ellective amount of 
the pharmaceutical composition required. For example, the 
physician or veterinarian could start doses of the compounds 
of the invention employed in the pharmaceutical composition 
at levels lower than that required in order to achieve the 
desired therapeutic effect and gradually increase the dosage 
until the desired effect is achieved. In general, a suitable daily 
dose of a compositions of 1 lie invention will he that amount of 
the compound which is the low est dose elTective to produce a 
therapeutic effect. Such an elTective dose will generally 
depend upon the factors described above. U is pre! erred thai 
administration be intravenous, intramuscular, intraperitoneal, 
or subcutaneous, preferably administered proximal to the site 
of the target. If desired, the elTective daily dose of a therapeu- 
tic compositions may be administered as two. three, four five, 
six or more sub-doses administered separately at appropriate 
intervals throughout the day, optionally, in unit dosage. forms. 
While it is possible for a compound of the present invention to 
be administered alone, it is preferable- to administer the com- 
pound its a pharmaceutical formulation (composition). 

Therapeutic compositions can be administered with medi- 
cal devices known in the art. For example, in a preferred 
em bod i m en t , a t he ra ne u t i e eon i pos i t io n o f the i nven t i on can 
be administered with a needleless hypodermic injection 
device, such as the devices disclosed in U.S. Pat. Nos. 5,399. 
.1 63: 5383,85 I : 5.3.1 2335: 5.064 ? 4 13; 4 : 94 1 .880: 4 .790.824; 
or 4.596.555, (Examples of well-known implants and modules 
useful in. the present invention include: U.S. Put. No. 4.487. 
603. which discloses an implantable micro-in fusion pump for 
dispensing medication at a controlled rate: U,S. Pat. No> 
4.486. 194. which discloses a therapeutic device .for adminis- 
tering medicants through the skin: U.S. Pat. No. 4,44 1, 233. 
which discloses a medication infusion pump for delivering 
medication at a precise infusion rate: U.S. Pat. No. 4,447.224. 
which discloses a variable How implantable infusion appara- 
tus for continuous drug delivery: IKS. Pat. No, 4 .4 39, .196. 
which discloses an osmotic drug delivery system having 
multi-chamber compartments; and U.S. Pat. No. 4.475.196. 
which discloses an osmotic drug delivery system. These pat- 
ents are incorporated herein by reference. Many other such 
implants, delivers' systems, and modules are known to those 
skilled in the art. 

In certain embodiments, the human monoclonal antibodies 
of the invention can be formulated to ensure proper distribu- 
tion in vivo. For example, the blood-brain barrier (BBB) 
excludes many highly hydrophilic compounds. To ensure that 
the therapeutic compounds of the invention cross the BBB (if 
desired), they can be formulated, for example, in lipogomes. 
For methods of manufacturing liposomes, see. e.g.. U.S. Pat. 
Nos. 4.522.81.1: 5374.548: and 5399.331. the liposomes 
may comprise one or more moieties which are selectively 
transported into specific cells or organs, thus enhance tar- 
geted drug delivery (see, e.g.. V. V. Ranade (1989) Clin. 
Pharmacol. 29:685), Exemplary targeting moieties include 
folate or hiotin (see. e.g.. U.S. Pat. No. 5,416.016 to Unv et 
a!.): mannosides (Ume/awa et at., (I98K) Biochem, tii&phys. 
Res. Com num. 153:1038): antibodies (P. G. Bloemnn et al. 
(J 995) I- EftS Lett. 357: 140: M. Owais et al. (1995) /f «//«//- 
cm/>. A gents Chemother 39:1 SO) : s ur i he t a n t p ro te i n A rec ep - 
- tor (Briscoe et al. (1995) Am. J. Physiol. 1233: 134 1. different 
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species of which may comprise the formulations of the inven- 
tions, as well as components of the invented molecules: pi 20 
(Schreieret ak (1994) a liiol. Chem. 269:9090); see also K. 
Keinanen; M . L. Laukkanen ( 1 994) FE8S Lett. 346: 1 23: J. J. 

5 K i I lion : f J , I * id ler { 1 994 ) I mm two methods 4:273. In one 
embodiment of the invention, the therapeutic compounds of 
the invention are formulated in liposomes; in a more preferred 
embodiment, the .liposomes include a targeting moiety. In a 
most preferred embodiment, the therapeutic compounds in 

to the liposomes are delivered by bolus injection to a site proxi- 
mal to the tumor or infection. The composition must be fluid 
to the extent that easy syri usability exists. Ii must be stable 
under the conditions of manufacture and storage and must be 
preserved against the contaminating action of mieroorgan- 

i > isms such as bacteria and fungi. 

A "therapeutically elTective dosage" preferably modulates 
dendritic cell growth and/or activity by at least about 20%. 
more preferably by at least about 40%. even more preferably 
by al least about 60%. and still more preferably by at least 

?o about 80% relative to untreated subjects. The ability of a 
compound to modulate dendritic cell growth and/or activity 
can be evaluated in an animal model system predictive of 
efficacy in antigen presentation and/or immunomoduiation. 
Alternatively, this property of a composition can be evaluated 

^ by examining the ability of the compound to modulate 
immune cell stimulation by dendritic cells, such as in in vitro 
by assays described herein and known to the skilled practi- 
tioner. 1 n on e embod i men t , a th e n i pen t i ca 1 1 y e f i ec t i ve a m on n t 
of a therapeutic compound can inhibit dendritic cell growth 

X) a nd 'or activity, or otherwise ameliorate symptoms, e.g.. 
symptoms of autoimmunity, in n subject. In another embodi- 
ment, a therapeutically effective amount of a therapeutic 
compound can enhance antigen processing and presentation 
by dendritic cells, and thus enhance immune responses 

;»s against a immimogen oi* taiget antigen. One of ordinary skill 
in t he art would be able to determine such amounts based on 
such factors as the subject 'size, the severity of the subject's 
symptoms, immune activity in the subject, and the particular 
composition or route of administration selected. 

40 The compost t i on mus t be steri le and II u id to the extent t ha t 
the composition is deliverable by syringe. In addition to 
w at er. t he carri er ca n be a n i so to n ic bu flered sa I i n e so 1 u 1 1 on . 
ethanol polyol (for example, glycerol, propylene glycol, and 
liquid polyetheylene glycol,, and the like), and suitable mix- 

45 hires thereof Proper fluidity can be maintained, tor example, 
by vise of coating such as lecithin, by maintenance of required 
particle size in the case of dispersion and by use of surfac- 
tants. In many eases, it is preferable to include isotonic 
agents, for example, sugars, poiyalcohols such as muni to! or 

50 sorbi tot a nd sodi urn chloride it 1 1 he com positio n . Long-term 
absorption of the injectable compositions can be brought 
about by including in the composition an agent which delays 
absorption, for example, aluminum nionostearate or gelatin. 
When the active compound is suitably protected, as 

55 described above, the compound may be orally administered, 
for example, with an inert diluent or an assimilable edible 
carrier. 

VI, Uses and Methods of the Invention 

60 

The compositions (e.g.. human monoclonal antibodies to 
dendritic cells and derivatives/conjugates ihereo!) of the 
present invention have in vitro and in vivo diagnostic and 
them petit ic utilities. 
t • > 1 **or ex a m p 1 e. these mo I ee u 1 es ca n he ad m i n i s tered t o ee 1 1 s 
in culture, e.g. in vitro or ex vivo, or in a subject, e.g.. in vivo, 
to treat, prevent or diagnose « variety of disorders. As used 
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herein, the term "subject" is intended to in elude human and 
non- human animals. The lean "nan -human animals'' of the 
invention includes ail vertebrates, e.g.. mammals and non- 
ma initials, such as non-human primates, sheep, dog. cow, 
chickens, amphibians, reptiles, etc. 

In a particular embodiment, the human antibodies and 
derivatives thereof are used in vivo to treat, prevent or diag- 
nose a variety of dendritic eeil-mediaied or dendritic cell- 
related diseases. 

In one embodiment, preferred human animals include a 
human patient having dendritic cell- mediated or a dendritic 
cell-related disease. For example, the methods and composi- 
tions of the present invention can be used to treat a subject 
with an autoimmune, immune svsrem. or inflammatory dis- 
order, e.g.. a disorder characterized by aberrant or unwanted 
immune activity associated with immunomodulalion by den- 
dritic cells. An to immune, immune system, ami inflammatory 
disorders (hat may benefit from treatment with the human 
anti-dendritic cells of the invention include rheumatoid 
arthritis, multiple sclerosis, diabetes mellitus. myasthenia 
gravis, pernicious anemia. Addison's disease, lupus erythe- 
matosus. Reitcrs syndrome, and Graves disease. For 
example, a subject suffering from an autoimmune disorder 
may benefit from inhibition of dendritic cell mediated pre- 
sentation of an amoamigen. 

Other examples of diseases that can be treated using the 
human ami -dendritic cell antibodies of the invention include 
transplant rejection and graft versus host disease. 

Tmnsp la nt Reject ioi i 

Over recent year's there has been a considerable improve- 
ment in the efficiency of surgical techniques for transplanting 
tissues and organs such as skin, kidney, liver, heart, lung, 
pancreas and bone marrow. Perhaps the principal outstanding 
problem is ihe lack of satisfactory* agents lor inducing 
immune- tolerance in the recipient to the transplanted 
allograft or organ. When allogeneic cells or organs are trans- 
planted into a host (i.e.. the donor anil donee are different 
individual from the same species), the host immune system is 
likely to mount an immune response to foreign antigens in (he 
transplant (host-versus-graft disease) leading to destruction 
of the transplanted tissue. CDK+ cells. CD4+ cells and mono- 
cytes are all involved in the rejection of transplant tissues. 1 he 
therapeutic agents of the present invention are useful to 
inhibit dendritic cell mediated a lloamigen- induced .immune 
responses in the donee thereby preventing such cells from 
participating in the de s in ic li on o f t he t ra ns p la n t ed t is sue or 
organ, 

Graft Versus Host Disease 

A related use for the therapeutic agents of the present 
invention is in modulating the immune response involved in 
"graft versus host 1 ' disease (GVHD). GVHD is a potentially 
fatal disease that occurs when immunologically competent 
cells arts transferred to an allogeneic recipient. In this situa- 
tion, the donor's immunocompetent cells may attack tissues 
in the recipient .Tissues of the skin, gut epithelia and liver are 
frequent targets and may be destroyed during the course of 
GVHD. *fhc disease presents an especially severe problem 
when immune tissue is being transplanted, such as in hone 
marrow transplantation: hut less severe GVHD hits also been 
reported in oilier cases as well, including heart and liver 
transplants. The therapeutic agents of the present invention 
arc 1 used to inhibit the activity of host antigen presenting cells, 
e.g.. dendritic cells. 

In another embodiment, the methods and compositions of 
the invention can be used to modulate an immune response in 
a subject towards an antigen. The human anti -dendritic cell 
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antibodies of the invention can be used to target an antigen to 
a dendritic cell and thereby modulate antigen presentation 
and processing, such that an immune response to the antigen 
is induced. The antigen can be a tumor antigen, or an antigen 
5 from a pathogen, e.g.. a microbial pathogen. The pathogen 
can be a vims (e.g.. HIV), a bacterium, a fungus, or a parasite. 
The antigen can also be a component of an amyloid deposit in 
a patient, such ;is a patient suffering from Alzheimer s disease 
and the antigen is Ap peptide, 
to For exam pie. a molecu lar complex com prising at least one 
binding specificity for a component on the surface of a den- 
d ri tic ce 11 I i n ked 1 o a i i a n t ige n. w he rei n b i nd ing o f t he co m - 
plex to the dendritic cell mediates internalization of the 
molecular complex, can be administered to a subject to 
15 i i id uce or enh a i tc e a n i mm un e res pot i se a ga in s! t he an t i gen . 
The immune response generated against the antigen includes 
antibodies that bind to the antigen and T cells that bind to the 
antigen as a component of an MHO! or MHC-ll complex. 
Accordingly, the human anti-dendritic cell antibodies of the 
20 1 nvent i o n ca n a 1 s o be u sed to m ed iat e de ! Kir it i c ce 1 1 - i a rg e t ed 
immunization of a subject. For example, a subject can be 
immunized with a molecu lar complex comprising at least one 
binding specificity for a component on ihe surface of a den- 
dritic cell linked to on antigen, wherein binding of thecom- 
as piex to the dendritic cell mediates internalization of the 
molecular complex, and. for example, enhances processing 
and presentation of the antigen. 

In another aspect, human antibodies specific tor dendritic 
cells can be used to directly target whole cells, e.g., a tumor 
X> ceil, an effector cell or a microbial pathogen, to dendritic 
cells. Anti-dendritic cell antibodies or antigen binding frag- 
ments thereof can be directly expressed on the surface of a 
cell, for example, by t rans lect ion or t ra nsduct ion of a eel 1 with 
a vector containing nucleic acid sequences encoding a human 
35 dendritic cell -specific antibody of the invention. Alterna- 
tively, anti-dendritic cell antibodies, or antigen binding frag- 
ments thereof, can be bound to a cell or a pathogen by the use 
of chemical linkers, or lipid tags, or other related methods. 
Cells with surface -anchored ami -dendritic cell antibodies, or 
40 an antigen binding fragments thereof, may be used to induce 
specific immune responses against the cell, e.g., a tumor cell 
or microbial pathogen. 

Thus, the antibodies of the invention can be used to stimu- 
late ihe immune response to pathogens, toxins, and self- 
4* ant igen s . I -xaj n p 1 es of pa t hogens fo r \v h i c h t h i s t h e ra pe i H i c 
approach may be particularly useful . include pathogens for 
which there is currently no effective vaccine, or pathogens lor 
which conventional vaccines arc less than completely effec- 
tive. These- include, but are not limited to HIV. Hepatitis (A, 
50 8, & C), Influenza. Herpes, Giardia, Malaria, .Leishmama, 
Staphylococcus Aunrtts, Psettdomonas aeruginosa. 

11 ic compositions (e.g.. human antibodies, mu hi specific 
and bispecific molecules) of the invention can be initially 
tested for binding activity associated with therapeutic or diag- 
55 nostic use in vitro. For example, compositions of the inven- 
tion can be tested using the flow cytometric and interna liga- 
tion assays described in the Examples below. Moreover, the 
activity of these molecules in triggering at least one effector- 
mediated effector cell activity, including cy to lysis of den- 
se d ri t ic eel Is ca n be assayed . I Votoco i s for assay ing for e f lector 
cell-mediated phagocytosis and cyto lysis are known in the 
art. 

The compositions (e.g. human antibodies, imi Hi specific 
and bispecific molecules) of ihe invention have additional 
6S utility in therapy and diagnosis of dendritic cell-mediated or 
dendritic cell-related diseases. For example, the human 
monoclonal antibodies, the mull t spec i lie or bispecific mol- 
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ecu les can be used, for example, to elicit in vivo or in vitro one 
or more of the following biological activities: la opsonize a 
dendritic cell: to mediate pltagoeytosis or cy to lysis of a den- 
dritic cell in the presence of human effector cells: to inhibit , 
the grow th of a dendri tic ceil; to be in torn;* 1 i/cd by a de ndri t i c 5 
cell; or to target an antigen to a dendritic cell. 

Methods of administering the expositions (e.g.. hitman 
antibodies, mimispeciftc and bispecilic mo lea lies) of the 
invention a a* known in the art. Suitable dosages of the mol- 
ecu les t t s ed w i 1 i de pc n d a n 1 1 1 e age a nd we i gh t o f th e s u bj cc t i o 
and the particular drug used. The molecule can he coupled to 
radionuclides, such as^'^l. :>> Y. i05 Rh. etc.. as described in 
Goldeiibeni. IX M. et ai. (1981) Cancer Res. 41: 4354-4360, 
and in F.P0365 997. The compositions (e.g.. human antibod- 
ies , n ml t ispec i ftc and b i spec i fi c i no 1 ce u I cs ) o ft h e i n ven t ion ! > 
can also be coupled to immunomodulatory agents. 

Target -specific effector cells, e.g.. effector cells linked io 
compositions (e.g.. human antibodies, mult i specific and 
bispecilic molecules) of the invention can also be used as 
t hera pen tic agents . Effect or eel Is for target i n g ca n be h uman 20 
leukocytes such as macrophages, neutrophils or monocytes. 
Other cells include eosinophils, natural killer cells and other 
IgG- or Ig A -receptor bearing cells. If desired, ef lector cells 
can be obtained from the subject to be treated. The target - 
s pec t tic e flee to r ce 1 1 s. e a n be ad n i i n i >t ered a s a s u s p en s to n o f 2 > 
cells in a physiologically acceptable solution. The number of 
cells administered can be in the order of 1 (f - 10* but will van- 
depending on the therapeutic purpose. In one embodiment, 
the amount will be sufficient to obtain local i /at ion at. Ibr 
example, a dendritic cell, and to effect cell killing by. e.g., uo 
phagocytosis. In another embodiment, target -spec i ftc den- 
dritic cells, e.g., dendritic cells linked to compositions of the 
invention can be used as therapeutic agents tor localization at 
a target cell, e.g., a tumor cell, microbial pathogen, vims, or 
vi ms i n fee t ed ce 1 1 , or fo r ta rget i ng a n am igen . a nd t o effect an 3 5 
immune response against the target cell or a target antigen, by, 
e.g., antigen processing and presentation. Routes of admin- 
istration can also vary. 

Therapy with target -specific effector cells or target -spe- 
cific dendritic cells can be performed in conjunction with 40 
other techniques for removal of targeted cells. for example, 
anti-dendritic cell therapy using the compositions (e.g.. 
human antibodies, multispecific and bispecilic molecules) of 
the invention and/or effector cells armed with these compo- 
sitions can be used in conjunction with chemotherapy or 4> 
immunomodulatory therapy, e.g., ami -inflammatory or 
immunosuppressive therapy. Additionally, combination 
immunotherapy may be used to direct two distinct cytotoxic 
ellector populations toward, for example, dendritic cells. For 
example, anti-dendritic eel 1 antibodies linked to ami-Fc-gam- 50 
maRI or anti-C1)3 may be used in conjunction with IgG- or 
IgA -receptor specific binding agents. 

In another embodiment, dendritic cells targeted with, for 
example, human ant i bodies, imihispeciiic and bispeciUc mol- 
ecules of the invention, can be used in conjunction with 55 
t m m n n o'm od u la lory therapy, e.g., im m u n s t i n iu 1 at ion . t o 
enhance an immune response against a target ceil or a target 
antigen. A dendritic cell targeted therapy can be combined 
with other forms of immunotherapy such as cytokine treat - 
men t (e.g. i interferons. T N I ■ a . G M-OSl'% G -CS F. 1 L- 2 ). 60 

B i s p ee i I i c a nd m u 1 1 i speci fic mo 1 ee u les t > f th e in ven t i on can 
also be used to modulate dendritic cell activities, e.g., antigen 
processing and presentation, as well as to modulate the level 
of a cognate antigen on a dendritic cell, such as by capping 
and elimination of receptors on the cell surface. 65 

The compositions (e.g.. human antibodies, multispecific 
and bispecilic molecules) of the invention which have 
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complement binding sites, such as portions from IgG 1. - 2, or 
-3 or IgM which, bind complement, can also be used in the 
presence of complement. In one embodiment, ex vivo treat- 
ment of a population of" eel Is comprising target cells with a 
binding agent of the invention and appropriate e Hector cells 
can be supplemented by the addition of complement or serum 
containing complement. Phagocytosis of target cells coated 
with a binding agent of the invention can be improved by 
binding of complement proteins. In another embodiment tar- 
get cells coated with the compositions {e.g. human antibod- 
ies, niu hi specific and bispecilic molecules) of the invention 
can also be lysed by complement. 

The composi tions (e.g. , , hu ma n ami bod tes, m u 1 1 i spec i fie 
and hi speci fie molecules) of the invention can also be admin- 
istered together with complement. Accordingly, within the 
scope of the invention are compositions comprising human 
ami bodies, mu Hi speci fie or hi speci fie molecules and serum 
or complement. These compost tions are advantageous iu that 
the complement is located in close proximity to the human 
antibodies, multispecific or bispeciftc molecules. Alterna- 
tively, the human antibodies, multispecific or bispecilic mol- 
ecules of the invention and the complement or serum can he 
administered sepa ra t e I y. 

In other embodiments, the subject can be additionally 
treated with an agent that modulates, e.g., enhances or inhib- 
its, immune cell activity and/or the expression or activity of 
FcQ or FcO receptors, by for example, treating the subject 
with a cytokine. Preferred cytokines lor administration dur- 
ing treatment with the multispecific molecule include of 
gnmu I oc y t e co t o ny- s t i n iu la t i n g fa c to r (G -C S I * ). gra mi locy t e - 
macrophage colony-stimulating factor (GM-CSF). imer- 
leron-y (IFN-y), and tumor necrosis factor (TNFu). 

The compositions (e.g.. human antibodies, multispecific 
and bispecilic molecules) of the invention can also be used to 
target, Ibr example, dendritic cells, e.g.. for labeling such 
cells. For such use. the binding agent can be linked to a 
molecule that can be detected, lints, the invention provides 
methwJs lor localizing ex vivo or in vitro dendritic cells. The 
detectable label can be. e.g.. a radioisotope, a fluorescent' 
compound, an enzyme, or an enzyme co-factor. 

In one embodiment, the invention provides methods for 
detecting the presence of dendritic cells or a dendritic cell 
antigen in a sample, or measuring the amount of dendritic 
cells or a dendritic cell antigen, comprising contacting the 
sample, and a com ml sample, with a human monoclonal 
antibody, or an antigen binding portion thereof, which spe- 
cifically binds to dendritic cells or a dendritic cell antigen, 
under conditions that allow for formation of a complex 
between the antibody or portion thereof and dendritic eel Is or 
a dendritic cell antigen. The formation of a complex is then 
detected, wherein a difference complex formation between 
the sample compared to the control sample is indicative the 
presence of dendritic cells or a dendritic cell aniigen in the 
sample. 

In still another embodiment, the invention provides a 
method for detecting the presence or quantifying the amount 
of dendritic cells in vivo or in vitro. The method comprises (i) 
administering to a subject a composition (e.g.. a nutlti- or 
bispecilic molecule) of the invent ion or a fragment thereof, 
conjugated to a detectable marker; (ii) exposing the subject to 
a means for detecting said detectable marker to identity areas 
containing dendritic cells. 

A I so w i t h i n t he sco pe o f I he i five n tio i i a re k i is co i n pri s i ng 
the compositions (e.g.. human antibodies, multispecific and 
bispecilic molecules) of the invention and instructions for 
use. fhe kit can f urther contain a least one additional reagent, 
such as a cytokine or complement, or one or more additional 



Case 1:1 0-cv-00035-CKK Document 1-1 Filed 01/08/10 Page 31 of 39 



US 7.5< 

39 

human antibodies of the invention (e.g.. a human antibody 
having a complementary activity which hinds to an epitope on 
dendritic ceils distinct from the first human antibody). 

The present invention is fun her illustrated by the following 
examples which should not he construed as fort her limiting. 
The contents of all figures and all references, patents and 
published patent applications cited throughout this applica- 
tion are expressly incorporated herein by reference. 
KG. Kohier and Mitstein C. (J 975) Continuous cultures of 

fused cells secreting antibody of predefined specificity. 

Nature 256: 495-497. 

2. G. L. Bouiinnne. Hozum N.. and Shuhiian M. .f (1984) 
Prod uc t ion o f fit n ct i o i la 1 c h i men c n \ ou se/hu n la n a n t i hod y . 
Nature 3 12: 643-646. 

3. K *1". Jones- \X-tit P. If, Foote J.. Neuberger M. S., and 
Winter G. (1989) Replacing the complementarity-deter- 
mining regions in a human antibody with those of a mouse. 
Nature 32*1: 522-525. 

4..!. IX Marks et al. (.1991 ) By-passing Immunization Human 
ami bodies from V-uene libraries displayed on phage. J, 
Mol.Bioj. 222: 

5. N. Lonberg. et al. 1 994. Antigen-specific human antibodies 
from mice comprising four distinct genetic modifications. 
Nature 368(6474): 856-859. 

6. G, Gaiie. f lowc S. CI. Butcher M. C. C. W.. and Howard I f 
C\ ( 1 997) Antibodies to major histocompatibility antigens 
produced by hybrid cell lines. Nature 266:550-552. 

■ EXAMPLES 

Example 1 

Pnxluetion of Human Monoclonal Antibodies 
Against Dendritic Cells 

Human anti-dendritic cell monoclonal antibodies were 
generated by imimmizmg the HCQ7 strain of HuMAb mice 
with preparations of dendritic cells. HC07 I luMAb mice 
were generated as described in U.S. Pat. Nos. 5,770.429 and 
5,545,806, the entire disclosures of which are hereby incor- 
porated by reference. 

In particular HCG7 mice were immunized four times with 
i n i ra pe ri to nea I i n j eel i on s o i ' h um an dendri tic cells ermtlsifi ed 
in 1-VeujKf s Adjuvant, fir telly, dendritic cells were prepared 
as follows. Human peripheral blood mononuclear cells (PB- 
MCs) were obtained by density gradient centrifugal ion of 
whole blood or Leukopak platelet a pi teres is preparations. 
Monocytes were isolated by adherance to tissue culture flasks 
for two hours, and then differentiated into dendritic cells by 
incubation with 2 ng/ml GM-CSF and 10 ng/ml If -4 in mac- 
rophage serum free media (Gibco) for 5 to 9 days. Cells for 
immunizations were used fresh or stored frozen at -80° C. 
Mice were immunized every 2-3 weeks, finally, an Intrave- 
nous injection of dendritic cells in phosphate buffered saline 
(PBS) was performed prior to splenectomy, lite spleens from 
responding mice were harvested and dispersed into sinule 
cells. 

To generate hybridomas producing anti-dendritic cell anti- 
bodies, splenocytes from mice with plasma containing anti- 
dendritic cell antibodies were fused with P3X63-AgK,653 
myeloma cells (deposited with the ATCC under designation 
ATCC CIU. 1580 nonsecreting mouse myeloma cells) and 
PEG. Hybridomas were selected by growth in MAT contain- 
ing media. After hybridomas grew out (about 10-14 days) 
each well containing hybridomas was screened for the pro- 
duction of human IgG using an anti-human IgG BLISA. 
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Positive hybridomas were screened for unci selected based 
on the following pn>perties: (1) production of human IgG 
antibodies, and (2) binding to dendritic cells. 
The hybridomas secreting luin.um.lgG were tested for reac- 

5 tivity with various types of blood cells by flow cytometry. 
Dendritic cells were prepared from adherent mononuclear 
cells by cult tiring for 5-7 days in media supplemented with 
.GM-CSF and IL-4. Granulocytes (PMN). monocytes and 
lymphocytes were obtained .from heparan i/cd whole blood. 

i o ' I h e ce 1 1 s w e re i nc u ha t ed w i i h hy b ri do m a su pe ma I a n t s 1 ro m 
IgG- positive clones at 4° C Binding was detected with a 
FITCMabeled goat ami -human JgG(Fe) probe, The cell asso- 
ciated fluorescence was determined by analysis using a f AC- 
Sea I i bur instrument. 

1 5 Several hybridomas that were screened produced human 
IgG Ik antibodies that demonstrated reactivity with dendritic 
cells as assessed by flow cytometry (e.g.. A3, A5, A 2 3. A24, 
A3*. B9, B 1 1 . B33. B47. CK, C 10X20X28. C29. C30. C35. 
El. 1:8. iiUl El 8. 1-20, E21 and E24). as shown in Table 1 

-ft below. Some of the human antibodies demons* rated very high 
and preferential reactivity with dendritic ceils as compared to 
other blood cell types. 

TABLE 1 

■y ^ .1 — ,. — ,, — . muni. — — — i.. h i. 

j -kunsB ■Vtotiociatist Auiibodics with Rfcacavkv 'o DzmWittc Cells 
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Example 2 

Cliaracterization of Human Monoclonal Antibodies 
A ga i nst Dendri ti e Cel Is 

I. Binding Specificity of Puriiied Human Anii-Dcdendriiic 
Cell Antibovlies to Dendritic Cells 

Several hybridomas that secreted human IgG antibodies 
with specificity for dendritic cells were su be lotted and 
expanded for purification. Monocloiud antibodies were iso- 
lated From supeniatamsofhyhridoma cultures grown in spin- 
ner flasks in a humidified incubator containing 5% C02. 
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Antibodies were purified by chromatography on a Protein 
A -agarose column according to the manufacturers specif i- 
c at ions ( Pierce, K ockibrd '111.). 

The purified human antibodies wore then tested for reac- 
tivity with dendritic cells and cell lines representing various 
other hematopoetic cell t y pes u s i 1 1 g f 1 ow cy to m et ry. B rielt \% 
dendritic cells were prepared from adherent mononuclear 
cells bv eul luring lor 5-7 (lavs in media supplemented with 
GM-CSF and IL-4. as described above. The U937. CKM. 
TMP-I and 1,540 cell lines wea* cultured in media .supple- 
mented with 10% fetal bovine serum. The celts were har- 
vested, washed, and incubated with saturating concentrations 
of human monoclonal nut i bodies B 1 1 . C20. £2 1 or an isotype 
control (human IgG 1 ) at 4° C. with shaking for 1 hour. Ami - 
body binding was detected by further incubation with a FITC- 
!a he-led goat anti -human JgG(Pc) probe for I hour at 4° C. The 
cells were wa shed . i i x ed w it h 1 % p a ra fort n a Id ehy de . and eel 1 
associated Huorescence was analyzed using a PACScalibur 
(Beckton Dickinson) instrument with CellQuest software. 

As shown in PIG. 1. human monoclonal ami body Bl! 
bound exclusively to dendritic cells. Monoclonal antibody 
C20 bound specifically to dendritic cells, and also demon - 
s t ra led low I eve I rea ct iviiy with ihc i no m >ey le - 1 i k e ce II lines 
U -93 7 and THP-I. and the HodgkitFs lymphoma cell line 
L540. Similarly, human monoclonal antibody 1*2 1 bound 
preferentially to dendritic cells, but also reacted at a low level 
with L540 cells and TH P- 1 cells. These data demonstrate that 
human monoclonal aittibodies Bit, C20 and E2I recognize 
diflercnl antigens, and that they preferentially bind to den- 
dritic c e 1 1 s co in pared to oi her cell s o f h ema to poet ic H ncag e . 

H. Dose-Dependent Binding of Purified Human Ami-Den - 
dri t i c Ce 1 1 A n t i bod ie s to De nd ri I i c Ce 1 1 s 

'Hie dose-dependent reactivity of pur iiied human auti-den- 
dritie cell monoclonal antibodies Bl 1, C20. «nd 1321 with 
d end ri t i c c e 1 1 s wa s ex a m i n ed b y 1 low cy t o in et ry . 

Dendritic cells were prepared from adherent mononuclear 
cells as described above. The cells were harvested and Incu- 
bated with varying concentrations of the monoclonal antibod- 
ies BI T C20, H21 or an isotype control at 4° C, Antibody 
binding was detected with a P ITC -labeled goat ant i -human 
IgG(Pe) probe, and cell associated fluorescence was deter- 
mined using a PACScalibur instrument with CellQuest soft- 
ware. 

Pach monoclonal antibody demonstrated dose-dependent 
binding to dendritic cells as compared to an isotype matched 
control IgG antibody, as shown in PICK 2. These data demon- 
strate that the purified human monoclonal antibodies Bl I. 
C20 and P2 bind in a concentration-dependent manner to 
dendritic cells. The varying intensity of binding between the 
anti-dendritic ceil antibodies indicates thai they recognize 
unique molecules or epitopes on the dendritic cells. 

III. Binding of Human Antibody Bl 1 to CD34+ Stem Cell- 
1 ')e rived 1 X'ndri i ic Ce lis 

Due to their availability, dendritic cells differentiated from 
circulating blood monocytes art- the most commonly used 
type of dendritic cell for both research and clinical applica- 
tions. However, dendritic cells derived from progenitor stem 
cells also can be used and may more accurately represent 
dendritic cells in human tissues. Accordingly, in the following 
study, dendritic cells differentiated from CD34+ progenitor 
ceils were evaluated for reactivity with human monoclonal 
antibody Bl 1 by tlow cytometry. 

I *u rifted monoclonal antibody fill was extensively dia- 
ls- zed against 0.3 M sodium carbonate buffer, pl l 9.5, lor 
labeling with Huorescence isothiocyanate (FffC). A stock 
PTPC solution was prepared by dissolving 1 mg solid P1TC in 



1 ml of DMSO, Slock PI" PC was added drop wise with con- 
stant mixing in an amount to provide 50 itg PITC per mg of 
antibody protein. Following the addition of PITC. the solu- 
tion was incubated in the dark for 1 -3 hours at room tempera - 

5 ture~ PITC labeled antibody was isolated by gel filtration on a 
Sephadex G-10 column equilibrated in PBS. 

CD34+ progenitor cells and dendritic cell differentiation 
media were obtained from Poetic 'Jechnologies. Inc. (Gaith- 
ersburg. Md.). 'lite cells were diflercittiated according to the 

to manufacturer's instructions. Dendritic cells were harvested 
and incubated with varying concentrations of B 1 1 - PITC or an 
isotype control antibody (human lgG-FffC)at 4° C The cell 
associated Huorescence was determined by analysis using a 
PACScalibur instrument with CellQuest software. 

15 The results are shown in PIG. 3 and demonstrate that 
human monoclonal antibody Bl 1 binds to dendritic cells 
di Herein ia ted from CD34+ stem cells in a dose dependent 
manner, '["he re to re. t h e B 1 1 targe t a 1 i tige n is ex p res sed on 
dendritic cells thai are derived from monocytes and from 

20 progenitor stem cells. 

IV. B i i id in g of Human Ant ibody B H to IV! ae mp i la ges a ml 
Dendritic Cells 

The ability of human anti-dendritie cell monoclonal anti- 
body Bl I to bind to macrophages compared dendritic ceils 
w a s a sscs s ed by flow cy t onie t ry. 

Dendritic cells were prepared from adherent mononuclear 
cells as described above. Macrophages were prepared from 
adherent mononuclear cells by culturing for 5-7 days with 
M-CSP. The cells were harvested and incubated with 10 
1 1 g/ m 1 o f monoclonal an t i body B 1 1 o r a n i s o t y pe co n tro I 
antibody at 4" C. Human antibody binding was detected with 
a FFfC- labeled goat anti -human IgG(Pc) probe. The cell 
associated Huorescence was determined by analysis using a 
PACScalibur instrument with CellQuest software. 

The results are shown in PIG; 4 and demonstrate that 
human antibody Bl 1 binds to macrophages to a lesser extent 
than to dendritic cells. * Hi us. the Bl I target antigen is also 
expressed on macrophages, although the level of expression 
is lower t han t hat obsei ved on dendrit ic eel Is . The react i v it y o f 
monoclonal antibody B J 1 with macrophages is not surprising 
due to the similarity between dendritic cells and macroph- 
ages. Since these two cell types share both structural and 
functional properties, including the ability to stimulate Tand 
^ B lymphocyte responses, the cross-react iviiy of antibody B 1 1 
with macrophages may he beneficial for targeting antigen 
presenting cells. 

V. Induction of Human Antibodv Bli Target Anti&cn on 
THP-I Cells 

50 Human monoclonal antibody Bl! was tested using flow 
cytometry for binding to TI IP-1 cells, a monocyte-Iike cell 
I i nc dcri vet! from .ahum a n mono cy t ic 1 e ukem i a . be fore a nd 
after the cells had been induced to differentiate towards a 
dendritic cell phenotype. 

55 Briefly. TH P- i cells were grown in standard cuitu re med ia 
or in media supplemented with G M-CSP and IL-4. The cells 
were incubated with 10 pg/ml of monoclonal antibody BH- 
PiTCoran isotype control antibody (human IgG-Pf l"C)ai 4° 
C. The cell associated fluorescence was determined by analy- 

60 sis using a PACScalibur instalment with CellQuest software. 
The results are shown in PIG. 5. 

These data demonstrate that, under normal growth condi- 
tions. THP-1 cells do not express the Bll target antigen. 
However, when THP-l cells are driven towards a dendritic 

ro cell phenotype by culm ring in media containing GM -('St- 
and IL-4. the expression of the B I I target antigen is concomi- 
tantly induced. Accordingly, these results further confirm the 
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specificity of lite Bl 1 human antibody for n target antigen 
(Bl 1 } dissociated sped Ilea Hy with dendritic cells. 

V J . Binding of 1 i x t ma n A nt i bo d v B 11 to M ac; i aue 1 XmkI ri t i e 
Cells 

The animal (monkey) model ofcynomolgus macaques can 
provide relevant information regarding the clinical applica- 
tion of antibodies, provided thai the target antigen is con- 
st: rved a mo ng p ri n i a f es . Accord i ngl y. die c ro s s - rea et i v i i y o f 
human monoclonal antibody Bl 1 with dendritic cells from 
cy u oi no 3 gu s i nonkey wu s eva In a t ed by 1 low eyl omei rv. 

Fresh cynomolgus blood was obtained from Sierra Bio- 
medicals, and dendritic cells were prepared from adherent 
mononuclear cells by eul luring with GM-CSF and i L-4. Den- 
dritic eelb were incubated with 10 ug/ml of monoclonal 
antibody. Hi l~FiTC or an isotype control antibody (human 
IgG-fTfC) at 4° C. The- cell associated fluorescence was 
determined by analysis using a FACScaltbur instrument. 

As shown in PICT 6. human monoclonal antibody Bll 
binds to dendritic cells derived .from cynomolgus macaques, 
suggesting thai the Bl l target ant i get* is conserved in pri- 
mates. 

Vll Binding of Human Antibody Bl 1 to Dendritic Cells in 
Human '["issues 

"Hie reactivity of human monoclonal antibody Bl 1 with 
dendritic cells from human tissues was evaluated by inumi- 
nohiskjchemistry These experiments were also designed to 
evaluate any potential cross-reactivity of antibody Bl 1 with 
other cells or antigens of human tissues. 



Cryosections of human tissues were obtained via autopsy 
or surgical biopsy and embedded in Tissue-Tek O.C\T. 
medium mid stored frozen below- -10 0, C Tissues were sec- 
tioned at 5 mill, fixed for 10 minutes with acetone, and dried 

* overnight. Slides were fixed with 10% neutral -buffered for- 
malin for 10 seconds prior to staining. An indirect imnumop- 
eroxidase technique was employed. Sections were first 
stained with the Bl 1TT!'C or Isotype-marchcd-FlTC anti- 

io body diluted in PBS containing heat aggregated IgG to block 
Fc-dcpendcnt binding. Primary antibodies were detected 
using a rabbit onii-KITC antibody followed by a peroxidase 
1 ; i be 1 ed a n t i - rabb i t reag em. Muc h s I i de wa s read by a ce rt i J i ed 
pathologist and binding was rated according to the following 

* * key: ± (equivocal). 3 + (weak). 2+ (moderate). 3+ (strong). 4+ 

(intense),. Nog. (negative). The results shown in Table 2 below 
demonstrate clear staining of dendritic cells and some mac- 
rophages in all tissues examined. No specific staining was 
observed with the isotvpe control antibody. 

I hese data demonstrate that human monoclonal antibody 
I VI ! binds to dendritic cells in human tissues, as well as 
macrophages in human tissues albeit to a lesser extent. The 
minimal binding of Bl 1 to mononuclear cells in the spleen 
2 > a «d progen i to r eel Is o f the bo ne m arrow ma y represen t bind - 
ing to immature dendritic cells. Human antibody B 1 1 did not 
cross -react with other cell types or tissues in the samples 
tested, further demonstrating the specificity of this antibody 
for dendritic cells ami. to a lesser extent, macrophages. 
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la Hum:.tn "ilssnes 



Ant = herd v 



i "issue and a-jiciiv(?v 



HI l-FH'C (2 jj#/inl) ikin : De,miai dctidrUu; ceils 3+, -vli other elements negative. 

T<>nrd i : hit erst riinl'oi subepi f hells 1 d endri i it- cd is a ! ! 
oUier elements liej&iiiee. 

i. tver; 1 lit e rsi hi a i si end rkk: ceils 5Cu pffrr cvlte 2+» a\ i -«thar 
clciitCiilS iKijlsdve,, 

Bmi&y : Bern '.al-'su bei i : an cot \ s-'u \\ ersls t iid deisdr i x k eel is >4*. 
ai! other cteiilCiiti scgalivi;. 

Spleen: inters! it s.i! dendritic eel!* 3-4*, Retieutoteiidt»ihdi:il 
cells (iimijj eiMvisai'Bili troth , : *. peeiisififtai mononuclear cells 
in marginal zone 2+, rare a- occasional rrmnomiciear cells in 
PALS-'fclltcles 2+, w'her elements aygative. 
tv Kidney; Interstitial dendritic ceils 3-4*. -dl other eieitiems. 

negative. 

" i.yi r, pit ncde : Capsif I at rfcndr I ii e ce I is .3 -**+■. s ubta pst; inr 

dead ri ! i c 1 ls/macn>p hiij-cs Tj + . lo 11 ki\iar dcjiiiri I i c ee iU 2- 3 f . 
paraconicn! 'kiairlHc ceiis 2-3+-. meduH-uy tttuis dendritic 
ce!t?;r'[nsercph^ges: oiher clcnvonts neganve. 
B ni u : Me r; t : igt; d/per i t h 5 ! eal de i it!r i it* i: eci Ls 3*4 i* ! | ?i !u k r 
t-icrueiits: ncuauve. 

'u;ssis: tiik-rsiiiia! de«driiie cells *>-44. ail othe/ etcstu-Jiis 
negaitve. 

P;mc rc:tii: hm-rstiiiui dendritic cells 3-4-*-. all other elements 
negative. 

Heart : Inier&t ;i dendritic celts 3-4*. aii otltcr clctnenis 
negative. 

S;r;riM mtesliite: lntcistiti.il deiittrilic cdls 3-4*. Lamina propria 
tiendrisic eetlivjnaeriiphages" ?.-3-f . Pe> v cn* p.neh dciulriric 
ee!l$''nwcropltigw 2-3+. other eicsrienrs negrttivc. 
ikkiie Mnmw: ImeniJ.ijia! stcssrinltc eetU' 3-<i*, i-{e«i'i:<?|wtie 
prt>fAcriitcr5 2^,o!hrretcmem$ negiUire. 
i , n ng : ! i it e rsi. I ual de n df i < i e eel is 3 -4 ■ k A t vcola r rrtacroph sges 
3-44 . other eJetneats neiLCitive. 
i 1 - F n'C * 2 yy. <a-i\ ) A i 1 1 si ed tissues : A E j e k::ik- tit* uegat i vc. 
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Tissue cross -reactivity studies were concluded at Pathology 
Associates international. Frederick. Md. study #1M598. 

VI II. Binding of Single Chain Fv (ScFv) Fragments of 
I htman Antibody Bl 1 to Human Dendritic Cells. 

The reactivity of a single chain Fv fragment of human, 
monoclonal antibody Bl I with dendritic cells faun human 
tissues was evaluated by Mow cytometry. 

I'lte 'Bl I ScFv was const ruclcd by linking the V A (SBQ ID 
NO: 1 and 2 ) and V„ (Sl-Q !D NO: 3 and 4 ) domains o f human 
monoclonal ant i body B I J as shown i n FIG . 9. BG F sequences 
were incorporated in order to detect the binding of the ScFv to 
dendritic cells using anti-l.TG antibodies. I dendritic ceils 
were incubated with Bl I ScFv for one hour at 4° C. then 
washed before incubation with ami-FFG-FlTC probe for ] 
hour at 4° C. The samples were analyzed using FACS analy- 
sis. 

'.lite results of the FACS analysis demonstrated thai thcB 1 1 
ScFv fragment of human monoclonal antibody lit I bound to 
human dendritic cells. Accordingly the ScFv can be used as 
a vaccine or as an immunotoxin by linking the ScFv to a 
selected antigen or toxin, respectively. 

IX. Binding of F(ah ! )2 Fragments of Human Antibody Bl 1 to 
Human Dendritic Cells 

"lite reactivity of F(ab')2 fragments of. human monoclonal 
antibody Bl 1 with dendritic cells from human tissues was 
evaluated by How cytometry. These experiments were also 
designed to evaluate w hether the Fe portion of human anti- 
body Bl 1 is significantly involved in the binding of Bl 1 to 
dendritic cells. 

F(ab-)2 fragments were prepared by digestion of purified 
Bl I mAb with pepsin under standard conditions, 'lite F(ab')2 
fragments were purified by protein L chromatography. Den- 
dritic cells, prepared fresh from human monocytes by culture 
in O M- CS F a nd 1 L - 4 , w ere i nc u ba ted w i th w I k > 1 e a n t i b ody o r 
F(ab;)2 antibody fragments for 1 hour at 4° C. The eel Is were 
washed before incubation with ami-human lgG-F(ab')2-PE 
probe for ! hour at 4° C. The cells were washed again prior to 
analysis using a FACScalibur instrument and Celtquest soft- 
ware. 

As shown in FIG. 10. the results of the FACS analysis 
demonstrated that whole human monoclonal antibody B1I 
and F(ab')2 fragments of Bl I bound to dendritic celts with 
similar kinetics, indicating that the Fe portion of the whole 
monoclonal antibody does not contribute significantly to 
binding of Bl 1 to dendritic cells. 

Example 3 

Character i/at ion of Bl 1 Target Antigen 

1. Inmnmoprecipiiation of the Human Monoclonal Antibody 
Bl I -Target Antigen from Dendritic Cells 

Human monoclonal antibody Bl I was used to iinmuno- 
preeipitnle its cognate target antigen from dendritic cells. 

Briefly, cell lysates from dendritic cells were prepred and 
incubated with monoclonal antibody Bl I or an isotype con- 
trol IgG antibody at 4° C. Antibody-antigen complexes were 
captured with ami -hit man IgG -agarose, and separated by 
SDS potyaeryiamide gel electrophoresis. 

A bat id corresponding to a molecular weight of approxi- 
mately 180 kilodaltons was evident in antibody B l I immu- 
nopreci pi tales from two di tie rent preparations of dendritic 
cell lysates. but not in t lie control sample. Accordingly these 
immunoprecipitation studies showed that human monoclonal 



a 1 1 1 i b od y B 1 1 recog niz.es a t a rg el a n t i ge n on dei ldr i t i c ce 1 1 s 
with an approximate mo I ecu la r weight of 1 80 kiloda lions, its 
analyzed by SDS-PAGI:. 

. IF N-terminal Sequencing ol'the Human Monoclonal Anti- 
.body Bl I Target Antigen from Dendritic Cells 

Following imuuinoprecipi union as described above, the 
Bl 1 target antigen was subjected to N-tenninal amino acid 
sequencing to determine homology with known proteins. 

, 0 Cell lysates were prepa red from dendrit ic cells and al lowed 
to incubate with monoclonal antibody Bl 1 at 4° C Antibody- 
amigen complexes were ca purred with ami -human IgG -aga- 
rose, and separated by SDS polyacryJamidegel electro phore- 
sis. Proteins from the gei were transferred to nitrocellulose 

, 5 and the band corresponding to the monoclonal antibody B 1 1 
target antigen was etuted .for N- terminal amino acid sequenc- 
ing. The N- terminal sequencing and data base search were 
con d ucted a t M i d wes i A nn ly t i ca 1 . h ic , (S t , Fa u i s . Mo . ) . 
Sequenei ng of the N-term i na ! 1 5 am i no acid reisid t ies of t he 

?r . monoclonal antibody BU target antigen revealed protein 
sequence homology with the. human macrophage mannose 
receptor, as follows: 

PDXNQFUXX&PNKR iSP.Q ID NO:5) Bt I nmUiw 

A computer search of the human protein database did not 
identify any other proteins as having significant homology to 
Bl 1 antigen. 

^ In a further study, dendritic cell lysates were cleared of 
non-specifically binding proteins by overnight incubation 
with ami-mouse IgG -charged, agarose 1" he agarose was spun 
out. and the cleared supernatant was recovered and incubated 
overnight with anti-human igG -agarose previously charged 

?;5 with antibody BIT The agarose was washed with PBS and 
boiled with reducing loading buffer. Finally, the agarose was 
spun out and the supernatant was loaded onto a gel. Antibody 
B 1 1 immunoprecipitated a protein of approximately 1 50-1 SO 
kD.This protein was blotteii onto a PVDF membrane and sent 

40 to Midwest Analytical. Inc. for microsecmencing. 

'fhc N-terminal mierosequeneing results of the mono- 
clonal aj.it i body 111 I target antigen revealed the following 
protein sequence: U..OTR QF1JY I ,FDTK RCVDA (SBQ ID 
NO:7). This sequence again matched that of the human mac- 

A * rophage mannose receptor (GenBank Accession #NP._ 
002429) with .100% identity over 20 amino acids as deter- 
mined using the BLAST algorithm at the 'National Center for 
Biotechnology Information web site (http;/Avww.uehi.nlm- 
, iiih.gov/). These data indicate that the target molecule on 

50 dendritic cells recognized by human monoclonal antibody 
B 1 1 is t he i na cro phage man no se re cep to r 

HI. B ! 1 Inhibits I-FfC-Dextran Uptake by Dendritic Cells 
The following experiment was Resigned to lest whether 

55 antibody Bl 1 blocks the mannose receptor and thus can be 
used, for example, to prevent or inhibit interaction of patho- 
gens with the mannose receptor (e.g.. cellular infection). 

Dendritic cells were incubated with FI TC-Dexiran (500 
ug/ml) and either isoiypc control human IgG or B 1 1 HuMAb 

61) (25 ug/ml) for 30 minutes at the temperatures indicated in 
FIG. 1.1. Dextran molecules are known to be specifically 
internalized by dendritic' cells through the mannose receptor 
(F. Sallustoet'al. J. Fxp. Med. 1995^185:3^-400). Labelled 
(ITfQ-dextran uptake was determined by FACS analysis 

<S5 (i.e.. ilu ores ce nee intensity of the dendritic cells samples 
using a FACScalibur instrument), "fhc percent of FITC-dcx- 
tran uptake was set at HK)% a I 37" C. and 0% at 4° C. 
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As shown in FIG. I 1, antibody H i I blocked the uptake of 
FffC-dcxtran by (>] .5% under these conditions. These results 
suggest that luimaa monoclonal antibody HI 1 can he used to 
block the inleruciio.il of pathogens with the manttose receptor, 

llvample 4 

Activity of Human Ami- Dendritic (.'ell Antibodies 

I. internalization of Human Monoclonal Antibody BII by 
Dendritic Cells 

The extent to which human antibody Bl 1 is internalized 
following binding to dendritic cells was evaluated by How 
cytometry. 

Dendritic cells were prepared from adherent mononuclear 
cells as described above. The cells were incubated with a 
saturating concentration of monoclonal antibody B 1 J -F1TC 
at 4° C for I hour to allow maximum surface binding of the 
antibody, washed with cold PBS to remove excess antibody, 
and then incubated at 37° C. tor various periods of time to 
allow for antibody internalization. The samples were then 
washed with cold PBS to slop the reaction, further washed 
with O..I% P.BA. pi I 2.5 to strip surface hound antibody from 
the cells. The remaining fluorescence is antibody Bi l-l-TI.C 
that has been internalized. Control cells were immediately 
washed with 0. 1 % PBA. pi 1 2.5 and kepi at 4° 0. to represent 
minimal internalization, or washed only with 0.1% PBA. pi I 
? to represent maximal loading of antibody B 1 1-FITC The 
percent antibody internalization was calculated by the fol- 
lowing formula: 

% I m c rm< I i vsu cm ^Une.iii ifa o.a\scc-r>ev i uf e: tsily oi' 
samiJlf-mesn iluore-sccscc micus'sty of add 
washed 4 v * C. vi>m,ral ?(r,K'&n ilitwcswnc? tutc?.~ 
Sfiy st'PBS wasiioi 4 ; C, control- in ran Hi i ores- 

'flic results, shown in FIG. 7, demonstrate that human 
monoclonal antibody Bl I is efficiently internalized after 
binding to dendritic cells, T his une*ptvi«l property of human 
a n t i -c ic ndr i t j c cell m onoc 1 on a I a nt i body BII i nd \ c ate s t ha t 
the antibody can be used to deliver agents, such as antigens 
and toxins. intruccHularly to dendritic cells. 

II. Bl 1-FITC Internalization by Dendritic Ceils 
Microscopic visualization was also used to confirm that 

antibody Bl I is internalized following, binding to dendritic 
cells. 

Dendritic cells were generated by incubating monocytes 
with CiM-CSF (10 ng/ml) and 11,-13 (50 ng/ml) under non- 
adherent conditions for 7 days. These were combined with 
mAb B 1 1 -fflX' ( I ug) in the presence of human IgO (600 ^tg) 
and anti-CD 32 mAb I V.3 (10 ug) tu block non-specific uptake 
and incubated at 37* C. Control cells were incubated on ice 
during the entire procedure. After 1 5 and 60 minutes at 37° C, 
dendritic cells wea^ placed on ice and stained' with ami- 
CDl lc4'£(] ug). internalization of mAb Bl 1 was examined 
by confocal microscopy using n BioRad MRCI024 laser 
scanning confocal microscope Cells were scanned for fluo- 
rescence using the 488 nm line from a 15 m\V Kr/Ar laser and 
two photodeiectors (522/35 nm diehroic for FITC lluores- 
cenee and 605/32 nm diehroic for 1*1; fluorescence). A 63 x 
Plan-APO 1.4 NA objective (Carl Zeiss. Inc.. Thomwood. 
N.Y.) was used in conjunction with an iris selling of 2. 1 which 
allowed for detection of optical sections of the fluorescence 
image that were approximately 1 .0 jtm thick. Representative 
images were selected irom the slices through the center of the 
cells after sectioning the entire cell. 
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"fhe results confirmed that Bl 1 mAb was rapidly internal- 
ized by dendritic cells alter binding to the mannosc receptor, 
again suggesting this antibody can etlicicntly deliver antigens 
or toxins into antigen presenting cells, Consistent with the 
S FACS data, the intemalizrition was evident within 1 5 minutes, 
and nearly complete within one hour. 

ML Fnhanced Antigen Presentation by Dendritic Cells Fol- 
lowing Targeted Antigen Deliver)- with Human Monoclonal 
to Antibody Bl 1 

In order to determine whether human monoclonal antibody 
Bl ! can be used to enhance the processing and presentation 
of antigens by dendritic cells,, the antibody was conjugated to 
the tetanus toxoid (TT) antigen using the chemical cross - 
1 * linking reagent. SMCC. 

Dendritic cells were prepared from adherent mononuclear 
cells as described above, with the exception that cells were 
cultured in Teflon containers, Dend rhie cells were harvested 
and rep la ted i n 96 we 1 1 microliter plates at 5000 eel Is per wel I 

£<% in macrophage serum- free medium with 10% fetal calf 
serum. Monoclonal antibody B 1 1 conjugated to tetanus tox- 
okl or tetanus toxoid alone was added at various concentra- 
tions to the dendritic cells. Autologous tetanus toxoid -spe- 
cific T cells generated by incubation of mononuclear ceils 

" > wilh t et anus t oxoid .followed by I L-2 were added to each wel 1 
containing dendritic cells at 50,000 cells per welt. Cells were 
cultured together for 7 days i\\ 37° C. and assayed for the 
number of living cells using a MTT based assay according to 
the ma iuifac hirer's instructions (Promega. Madison. Wis.). 

^ " f h e a b i 1 i t y to i nd t tee d e ndri ti c eel Is t o spec i f ica I ly s \ i n n 1 1 a t e 
tetanus toxoid-specific "f lymphocytes was compared after 
exposing cells to tetanus toxoid or antibody Bl 1 -tetanus tox- 
oid. *!*he results (FIG. 8) showed thai conjugating tetanus 
toxoid as ;i model antigen to Bi 1 leads lo significantly more 

° e ll id cut antigen presentation as jnea.su red by ant igen-speci fie 
Tcell proliferation. 

In another experiment. -'H-Thymadine was used as the 
readout IbrT cell proliferation following loading of dendritic 

40 cells with either Bl 1 conjugated with tetanus toxoid (TT) or 
with tetanus toxoid mixed with Bl J antibody (unconjugated 
control). As an additional control, a blocking antibody to 
FcyRII (CD32). mAb 1 V-3. was added to some wells contain- 
ing the Bl I - Vf conjugate to determine whether this Fc recep- 
^ tor contributed to enhanced antigen processing and presenta- 
tion by B 1 1 -TI*. The followi ng day. cell s were combined with 
freshly thawed, previously established tetanus toxoid-spe- 
cificT-cells for 4 days. Colts were co- incubated with J H-Thy- 
madine at 37 ~ C. during the final day. The amount of "H 

^ incorporated into the T cells was assayed. 

As with i he previous experiment, the res tills (FIG. 12) 
demonstrated that conjugating tetanus toxoid as a model anti- 
gen to Bl 1 leads to significantly more efficient antigen pre- 
sentation as measured by antigen -specific Tcell proliferation. 
55 Addition of excess amounts of mAb .1 V.3 did not significantly 
alter the enhanced antigen presentation by Bl 1-TT conju- 
gate, showing that interaction of 131 1-TT with FeyRU is not 
required for this activity. 

Overall, the results of these studies, shown in FIGS. 8 and 
60 12, indicate thai 10 to 1 00- fold lower amounts of antibody 
Bl I -conjugated leta n u s toxoid a re rec| u i red to ac hi eve t he 
level of T cell stimulation compared with tetanus toxoid 
alone. In addition, the absolute degree off cell stimulation as 
s how n in F I G . 8 wa s 2 - fo I d g rea te r when tetanus toxo i d was 
6> targeted to dendritic cells with antibody BII. Thus, data 
demonstrate that an antigen can be conjugated to human 
monoclonal antibody B 1 1 and that the antibody targeted ami- 
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gen is processed and presentee! more efficiently than non- 
utrgeted antigen, leading to enhanced antigen-speciiie I cell 
responses. 

IrAampIt* 5 

Characterization of Human Monoclonal Antibody 
]?21 Against Dendritic Cells 

I. Molecular Weight Analysis ofHumnn Antibody 111 1 Anti- 
gen 

Dendritic cell ly sates were prepared from cultured human 
dendritic eel Is. Briefly, dendritic cells were washed and res us - 
pended in Triton X-100 containing ly^is buffer at 4° C. The 
un fractionated lysate was loaded onto a 4-) 5% SDS-poly- 
acrylamidcgel and then die protein were iransi erred to nitro- 
cellulose. The blot was incubated with 1 0 ug/inl H2 1 followed 
by ;i mi -human IgO-alkaline phosphatase probe and visual- 
ized using horseradish peroxidase. 

The results of this experiment demonstrated that the fun nan 
monoclonal antibody 12 1 antigen has an approximate 
molecular weight of 36-40 kUodaltons. 

II. Binding of Human Antibody 1321 to Human Derma! and 
Epidermal Human Dendritic Cells 

As shown in FIG. 1. hitman monoclonal Ah U2\ bound 
preferentially to dendritic cells. This experiment was 
designed to test the reactivity of human antibody B21 to 
dermal and epidermal dendritic celts by immunohistochem- 
istry analysis olfm/en skin with 1221, 

Frozen sections of human skin were stained with 1TFC- 
E2\ or FITC-huIgG control, and detected using rabbit anti- 
F1TC probe. 

The results of the imimmohistochemistry analysis demon- 
strate that human antibody 111 1 reacts with both dermal den- 
dritic cells/macro phages and epidermal dendritic cells 
(Langerhan cells) in human skin sections, 

II U Binding of Human Ami body Ell to Macague Dendritic 
Cells 

The animal (monkey) model ofcynomolgus macaques can 
provide relevant information regarding the clinical applica- 



to 
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lion of antibodies, provided that the target antigen is con- 
served among primates. Accordingly, the cross-reactivity of 
human monoclonal antibody \12\ with dendritic cells from 
cynomoigus monkey was evaluated by How cytometry. 

Cyi tomolgus mo noey tes we re d i tferem iated i nto dend ri t i c 
cells with GM-CSF and JL-4 treatment, and tested for £21 
binding by How cytometry. The dendritic eel Is were incubated 
w ith £21 for 1 hour at 4* C. then washed before incubation 
with ami-human IgG-lTTC probe for ! hour at 4 f> C. The 
samp les were ana ly zed u s in g a FACSca I i bu r i n si rument . 

Conclusion 

lite foregoing Examples demonstrate the generation of 
human monoclonal antibodies that specifically react with 
high affinity to dendritic cells. 

In particular, human monoclonal antibody Bfl specifically 
recognizes the human macrophage mannose receptor on den- 
dritic cells. In addition, human monoclonal antibody B 1 1 is 
efficiently internalized by dendritic cells, and enhances anti- 
gen processing and presentation by dendritic cells. 

Human monoclonal antibody \12 1 binds to a different anti- 
gen than 111 1 on human dendritic cei Is, The B 2.1 am i body also 
cross -reacts with dendritic cells derived from cynomoigus 
macaques (monkey)- suggesting thai the F21 antigen is con- 
served in primates and therefore provides a relevant animal 
model tor further development of the antibody. 

These res uits support, t he cone Ins ion t ha i. t he fu 1 1 y h u m a n 
monoclonal antibodies of the present invention, including 
fragments, conjugates and bi specific molecules thereof, can 
be used are for the diagnosis ami treatment of dendritic cell 
related disorders. 

Equivalents 

Those skilled in the an will recognize, or be able to ascer- 
tain using no 'more than" routine experimentation, many 
equivalents of the specific embodiments of the invention 
described herein. Such equivalents are intended to be encom- 
passed by the following claims. 



SEiQOEUCK LISTING 



<210> SEQ ID no 1 

<2I1> LENGTH! 321 

<Z1$> TVPE: DMA 

<213> ORGANISM; Horno sapiens 

<Z20> FEATUKE ; 

<222> LOCATION; {1} . . . (321} 

<4D0> SEQUSWCEf I • 

gac ate eag atg acc cag tct. cca tec tea etc tret gca tct gca gga 

Asp Me Gin Met: Thr Gin Ser Pro Ser Ser u*u Ser Ala Ser Val Gl y 

1 5 10 IS 



4B 



gac a«a gec acc acc act tgt egg gcg agt cag a<$z act: age agg egg 
Acp Arg Vai Thr lie Thr Cyo Arg Ala Ser Gin Gly lie Set Arg 7rp 
20 25 30 



«5 



tta gec egg lac cag cag aaa cca gag as a gec ccl aag ice ctg ate 
Leu Ala ?rp Tyr Gin Gin Lye Pro Glu Lya Ala Fro Lye Ser Leu Me 
35 40 45 



1<J4 
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-continued 



cat get t;ca ccc <ac:t ttg caa agt ggg azc cca tea agg tee age ggc "li*2 

Tyr Ala Ala Ser Ser Leu Gin Ser Gly val Pre Ser Arg Phe Ser Gly 
SO SS 6G 

agt gga tct ggg aca gat t t.c acre stc aec ate aye ggc ctg caa cet 24 0 

Ser Gly Ser 0*1 y Thr Asp Phe Thr Leu Thr lie Ser Gly Leu Gin Pro 
£5 f0 75 ao 

gaa ga t ttt oca act tat tac cgc caa eaa car, aat agt tac tct egg 23 9 

Glu Ao.i> Phe Ala Thr Tyr Tyr Cyo Gin Gin Tyr A on Ser Tyr Pro Arg 

90 95 

acg etc 99c eaa ggg acc aag gtg gaa ate aaa 321 

Thr Phe Gly Gin Gly Thr hyQ Val 01 u lie Lye 
100 *0S 



<210> S?£0 ID HO 2 

c.2ll> UEKGTM; 10? 

<2I2:> TYPE ; PRT 

«213> ORGANISM: Homo sapiens 

<4 00> SEQUEMC.'E 1 2 

?.up lie Gin Her, Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly 
1 S 1.0 15 

Aop Arg Val Thr lie Thr Cyc Arg Ala Ser Gin Gly Tie Ser Arg Tip 

SO 25 30 

Leu Ala Trp Tyr Girt Gin Lys Pro Gin Lys Ala Pro Lyo Ser Leu lie 

50 45 

Tyr Ala Ala Ser Ser Leu Gin Ser Gly 7a .1 Fro Ser Arg Phe Ser Gly 

50 SS £0 

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr lie Ser Gly Leu Gin Pro 
£5 .70 75 ' 80 

C'Ju Asp* Phe Ala Thr Tyr Tyr Cys Gin 01 r; Tyr Asn Ser Tyr Pro Arg 
SS SO 95 

Thr Phe Gly Gin Gly Thr Ly# Val Glu He Lys* 

100 10s 



<210> SEQ ID MO .1 

<Slb LENGTH: 3 43 

<?A.Z> TYPE; Oil A 

<2A3> ORGANISM: Horao sapieno 

<220> FEATURE: 

<22.1> MAMS/iC'EY ; CDS 

«2 22 > LOCATI -31 1 : i 1 3 . . . { 3 4 S > 

c4 00> SEQUENCE! 5 

gag gtg eag ctg gtg eag tct gga gca gag gtg aaa aag ccc ggg 9*g- 4.S 

Gly Val Gl" Leu Val. Gin Ser Gly Ala Glu Val Lya Lys Pro Gly Glu 

1 5 1.0 15 

tec ctg agg ate tec; tgt aag ggt tct gga gac age ttt acc acc cac 95 
Ser Leu Arg lie $ ex Cys Lye Gly Ser Gly Asp Ser Phe Thr Thr Tyr 
20 25 30 

tag ate ggc t«g gtg cgc cag acg ccc ggg aaa ggc ctg gag tag atg 1.4 4 

Trp lie Gly Trp Val Ai-g Gin Met Pro Gly Lyo Gly Leu Glu Trp Met 
3S 40 45 

ggg acc «tc car. cct ggt gac tct gat ncc at a tac age ccg tee tte 192 
Gly lie lie Tyr Pro Gly Asp Ser Aap Thr lie Tyr Ser Pro Ser Phe 
50 SS ' 50 

caa ggc cag gtc ?.cc ate; tea get gac; aag tec ate age acc gec cac 24 0 

Gin Gly Gin Val Thr lie Ser Ala Aap Lyo Ser lie Ser Thr Ala Tyr 
i5 70 75 SO 

ctg cag tag age age ctg aaq gec teg gac acc gec atg tat tac tgt 2SS 
Leu Gin Trp Ser Ser Leu Lye Ala Ser Acp Thr Ala Met Tyr Tyr Cyc 
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-continued 

S5 so 95 

a eg aga ggg gac egg gge gtt qjic tac t*)^ ggc cag gcja aec ctg gtc 3*io 
Thr Arcj Gly Aap Arg Gly Val Asp Tyr Trp Gly Gin Gly Thr Leu Val 
100 105 ' 110 

acc gr.c tec tea 34% 
Thr Vai £sr Sei* 
US 



<210> £EQ ID MO 4 

c2U> LENGTH: 11* 

<^12> TYPE ; PRT 

<2tl> ORGANISM : Homo oapien* 

c4 00> SEQUENCE: <i 

Glu Vai Gin Leu Val Gin Ser Gly Ala 01 u Val Lyo Lye Pro Gly Oiu 

1 5 10 15 

3 er Leu Arg Tie Ser Cys Lye Gly S&r 01 y Asp S&r Phe Thr Thr Tyr 
20 2S 30 

Trp Tie Gly Trp Val Arg Gin Met Pro Gly Lys Gly Lou 6.1 u Trp Met 

40 45 

Gly Tie lie Tyr Pro Gly Asp Ser Asp Thr lie Tyr Ser Pro Ser Ph» 

SO 65 &Q 

Gin Gly Glr> Val Thr lie Sar Ala Asp Lye Ser lie Ser Thr Ala Tyr 
s>S 70 75 SO 

Lea. Gin Trp Se.r Sex Leu Lys Ala Ser Asp Thr Ala Kef. Tyr Tyr Cyo 
$5 90 $5 

Thr Arg Gly Asp Arg Gly Val Rjyp Tyr Trp Gly Gin Gly Thr Leu V«l 
100 105 1 1 0 

Thr Val Ser Ser 
.1 .1 s 



*2i0> SEQ ID HO 5 

<2U> bEIvGTH: IS 

<-212> TYPE PRT 

<2U> ORGANISM: Komo sapiens 

<220> FEATURE: 

<2 2i> KAHE/KEY: VAP.IAWT 

<2Z2> LOCATION : {!}... (15 J 

<203> OTHER INFORMATION: KaA - Any Amino Acid 
<4 00> SEQUENCE: 5 

Asp Asp Xaa Mas Gin Phe Leu .11* Xaa Xaa 01 u A op X<ta Uya Arg 
1 5 ID 15 



«210> SEC ID JI0 £ 

<ZU> LENGTH ; 15 

<212> TYPE ; PRT 

<Zl.'l> ORGANISM : Kcmo cap i arte 

<4GG> SEQUENCE: o 

Leu Aop Thr Arg Gin Phe Leu lie Tyr Asa Glu Aap Hie Lyc Arg 
1 $ 10 IS 



<210> SEQ 10 NO 7 

<2U> LENGTH: 20 

<2 12> TYPE: PRT 

<2.13> ORGANISM: Homo sapiens 
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-continued 



*4 00> SEQUENCE: 7 

Lftu Lew. Asjp Th? Arg Gin Ph« Leu lie. IV i: Lsu Glu Asp Thr Lyc At 9 

C'yo Va I Asp .'Ua 
20 



Wc ch t i m : c ha i n variab Ic region a unp ri si nu I he am i no ac id seq ue nee o f 

!. An isolated human monoclonal antibody, or antigen SEQ ID NG:2, 
binding portion i hereof, thai binds to human dendritic cells, 15 
comprising a human heavy chain variable region comprising 

the amino acid sequence of SBQ 11") NO:4 and a human light * * * * * 
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